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FOREWORD 

[Text]  These  "Directives  for  Planning  Transitional  Zones  of  Earth  Dams" 
were  formulated  and  compiled  on  the  instructions  of  the  Glavniiproyekt 
[Main  Administration  of  Scientific  Research  and  Planning  Organizations]  of 
the  USSR  Ministry  of  Power  and  Electrification  in  the  Laboratory  of  Earthen 
Hydraulic  Engineering  Installations  of  the  All-Union  Scientific  Research 
Institute  of  Hydraulic  Engineering  (VNIIG)  imeni  B.Ye.  Vedeneyev,  by 
G.  Kh.  Pravednyy,  senior  scientific  associate,  candidate  of  technical 
sciences. 

The  construction  of  high  and  superhigh  earth  dams  in  our  country  is  a  very 
important  state  problem,  which  is  raising  a  number  of  complex  technical  prob- 
t  lems,  requiring  high-quality,  new  improved  methods  for  their  solution,  includ¬ 

ing  the  strength  and  stability  of  impervious  elements  of  the  dams  (cores, 
facings,  blankets,  etc.). 

Y 

l  _  In  the  practical  work  of  hydraulic  engineering,  the  question  constantly 

arises  of  protecting  clay  cores,  facings,  blankets  and  upstream  slopes  of 
dams  when  they  are  in  contact  with  coarse-grained  material. 

As  we  know,  the  strength  and  stability  of  a  structure,  its  life,  and  the 
economics  of  its  construction  depend  on  a  correctly  planned  or  chosen  gran¬ 
ulometric  composition  of  the  materials  protecting  the  cohesive  (clay)  soil. 

In  taking  into  consideration  the  demands  of  hydraulic  engineering,  VNIIG,  on 
the  basis  of  the  results  of  many  years  of  wldescale  experimental  and  theo- 
.  retical  research  in  the  study  of  physical  and  seepage-piping  properties  of 

both  cohesive  (clay)  and  noncohesive  sand-gravel  soils  (see  bibliography), 
taking  into  account  the  studies  on  the  problems  made  by  other  scientific 
organizations  (VNII  VODGEO  [All-Union  Scientific  Research  Institute  of  Water 
Supply,  Sewer  Systems,  Hydraulic  Engineering  Structures  and  Engineering 
Hydrology],  NIS  [scientific  research  station]  of  Gldroproyekt,  etc.)  and 
experience  in  planning  and  constructing  hydraulic  engineering  structures, 
developed  scientifically  based  directives  on  the  method  of  planning  and 
.  choosing  the  granulometric  composition  of  the  material  of  the  transitional 

zone  protecting  the  cohesive  (clay)  soils  and  the  cores  (facings)  for  high 
and  superhigh  dams  made  of  local  materials,  and  for  dams  in  classes  I- IV, 

»•  with  respect  to  durability. 
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These  "Directives"  stipulate  maximal  use,  in  the  installation  of  transitional 
zones,  of  natural  run-of-bank  soils  with  various  grain  sizes,  without  expen¬ 
sive  processing  for  them,  which  in  turn  makes  it  possible  to  do  away  with 

*  multi-layer,  expensive  transitional  zones. 

v. 

■  In  addition,  in  formulating  a  method  of  planning  and  selecting  the  granulo¬ 

metric  composition  of  the  material  for  the  transitional  zones  of  high  and 
superhigh  dams,  their  specific  characteristics  were  taken  into  consideration, 

.  such  as:  the  nonhomogeneity,  value  and  variety  in  the  deposits  (deforma¬ 

tions)  of  the  elements  of  high  dams,  the  possibility  of  cracks  forming  in 
the  core  (facing)  of  the  dam  and  the  necessary  conditions  for  the  welding 

i  quality  of  these  cracks,  the  thickness  of  the  layers  of  the  transitional 

zones,  the  high  demands  for  materials  to  construct  them  and  the  great 
amount  of  work  Involved  in  ensuring  the  strength,  reliability,  durability 
and  economic  soundness  of  their  construction. 

The  principal  formulations  of  the  method  of  planning  and  selecting  the  material 
for  the  transitional  zones  for  cohesive  soils  were  reported  to  the  4th  All- 
Union  Coordination  Conference  on  Seepage,  and  were  approved  and  published  in 
"Transactions  of  the  Coordination  Conferences  on  Hydraulic  Engineering,” 

No  9,  Energiya,  1964. 

Published  in  a  separate  edition  at  the  beginning  of  1966  was  the  book, 

"Planning  and  Selecting  the  Granulometric  Composition  of  Filters  for  the 
Transitional  Zones  of  High  Dams,"  Energiya,  1966,  in  which  the  theoretical 
and  experimental  material  of  many  years  of  research,  constituting  the  sub- 

•  -  stantiation  of  the  data  from  the  "Directives"  was  presented. 

* 

Published  at  the  end  of  1966  for  practical  purposes  were  the  "Provisional 

•  Directives  for  Planning  and  Selecting  the  Granulometric  Composition  of  the 
Filters  of  Transitional  Zones,  Protecting  Cohesive  (Clay)  Soils  of  the  Cores 
(Facings)  of  High  and  Superhigh  Dams  Made  of  Local  Materials,"  which  was 
approved  by  Resolution  No  447  of  Glavtekhstroyproyekt  of  the  USSR  Ministry  of 
Power  and  Electrification  on  19  November  1966  and  put  into  effect  in  the  USSR 
Ministry  of  Power  and  Electrification  system  beginning  on  1  January  1967. 

•  In  1969,  upon  fulfillment  of  the  instructions  of  Glavniiproyekt  of  the  USSR 
Ministry  of  Power  and  Electrification  for  the  1971  publication  of  the  perma¬ 
nently  effective  "Directives,"  the  "Provisional  Directives"  in  effect  were 
distributed  for  comments  to  78  scientific  research,  planning  and  construction 
organizations,  as  well  as  to  individual  specialists. 

From  the  responses  obtained,  taking  into  consideration  the  critical  remarks 
and  practical  recommendations,  as  well  as  the  results  of  additional  new  sci¬ 
entific  developments  on  this  problem,  the  "Provisional  Directives"  were  re¬ 
vised  on  a  high  scientific  level  and  prepared,  in  a  new  edition,  for  approval 
of  the  Glavniiproyekt  of  the  USSR  Ministry  of  Power  and  Electrification  as 

*  permanently  effective  "Directives." 
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These  "Directives,"  in  this  edition  of  29  June  1971,  were  reviewed  at  the 
committee  of  the  VNIIG  Scientific  Council,  approved  and  recommended  for  ap¬ 
proval  as  permanently  effective  "Directives,"  replacing  the  "Provisional 
Directives,"  VSN  01-66. 

MEiE  USSR 

The  "Directives  for  Planning  the  Transitional  Zones  of  Earth  Dams"  were  ap¬ 
proved  by  Resolution  No  279  of  Glavniiproyekt  of  the  USSR  Ministry  of  Power 
and  Electrification  on  26  July  1971  and  are  being  put  into  effect  as  com¬ 
pulsory  for  all  planning  and  construction  organizations  of  the  system  of  the 
USSR  Ministry  of  Power  and  Electrification  for  use  in  planning  and  construct 
ing  hydraulic  engineering  structures  beginning  1  January  1972,  with  the 
USSR  Ministry  of  Power  and  Electrification  No  VSN  47-71 

Minenergo-USSR 
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Chapter  1.  GENERAL  CONDITIONS 

Section  1.  Range  of  application.  1.  These  "directives"  are  designed  for 
the  planning  and  selection  (from  natural  run-of-bank  or  artificially  obtained 
materials)  of  the  granulometric  composition  of  the  soils  of  transitional 
zones  which  join  the  cohesive  (clay)  soils  of  the  cores  and  facings  with  the 
coarse-grained  material  of  the  prism-triangles  of  high  and  superhigh  dams 
(non-classified),  of  class  I,  and  for  dams  of  classes  II- IV  with  respect  to 
durability,  which  are  constructed  with  impervious  devices  of  the  type  shown 
in  Figure  1,  both  deposited  from  sand-gravel-pebble  soils  and  rock  fill. 

Somewhat  lower  requirements  (section  7,  note;  section  13,  b)  may  be  adopted 
for  earth  dams  of  classes  II-IV  with  respect  to  durability  and  for  temporary 
installations. 

2.  When  the  estimated  characteristics  of  the  run-of-bank  materials  or  arti¬ 
ficially  obtained  soils  (at  rock  crushing  or  sorting  plants)  designed  for 
the  filter  materials  of  transitional  zones  go  beyond  the  limits  of  the  recom¬ 
mendations  stipulated  by  these  directives,  the  planned  or  chosen  granulo¬ 
metric  composition  of  the  filters  should  be  checked  experimentally  in  the 
laboratory  (or  at  the  construction  site) . 

3.  Planning  and  selecting  the  granulometric  composition  of  the  filters  of 
transitional  zones  protecting  noncoheslve  (sandy  loam)  soils,  from  which 
impervious  devices  are  constructed,  is  carried  out  in  the  same  way  as  for 
noncoheslve  soils,  in  accordance  with  the  "Instructions  for  Planning  Filter 
Materials  for  Hydraulic  Engineering  Structures,"  VSN  02-65. 


Introduced  by  the 
All-Union  Scientific 
Research  Institute  of 
Hydraulic  Engineering 
imeni  B.Ye.  Vedeneyev 


Approved  by  Glavniiproyekt 
of  the  USSR  Ministry  of 
Power  and  Electrification 
on  26  July  1971 


Introduction  deadline 
1  January  1972 
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Note.  The  structure  and  dimensions  of  the  core  or  facing  made  of  loamy 
soils  are  established  by  the  plan  depending  on  the  type  of  dam,  the  condi¬ 
tions  of  the  work,  the  existence  of  suitable  loamy  materials,  the  climatic 
conditions,  etc.,  in  accordance  with  SNIP  II -I,  4-71. 


Figure  1.  Earth  Dams 

a — with  upstream  impervious  triangle;  b — with  facing;  c — with  core; 

1 — triangle  of  dam — rockfill  or  sand-gravel-pebble;  2 — transitional 
zones 

Section  2.  Accepted  terms  and  designations.  These  "directives"  recommend 
adherence  to  the  following  terms  and  letter  designations. 

Basic  Terms 

Transitional  zone — the  transitional  layer  (layers)  of  material  between  the 
earth  core  (facing)  and  the  triangles  of  the  dam.  Moreover,  the  layer  ad¬ 
jacent  to  the  core  (facing)  should  be  planned  (selected)  for  a  granulometric 
composition  wtkch  ensures  the  seepage  strength  of  the  core  (facing)  of  the  dam. 
When  joined  to  the  prism-triangles  of  the  dam,  the  material  of  the  transi¬ 
tional  zone  should  not  be  spilled  into  the  material  of  the  prism-triangle  of 
the  dam. 

Reverse  filter — a  layer  of  sand-gravel-pebble  or  rubble  soils,  preventing  the 
soils  of  earthen  structures  and  non-rocky  soils  of  the  foundations  of  the 
structures  against  mechanical  piping,  and  in  some  cases  also  against  heaving. 

Frame  of  the  dam — the  aggregate  of  its  particles,  receiving  and  transmitting 
the  action  of  external  forces  and  ensuring  the  strength  and  stability  of  the 
soil. 

Earth  filler — the  particles  in  the  pores  of  the  earth  frame. 

Piping — breaking  away  and  shifting,  caused  by  the  seepage  flow  within  the  soil, 
of  small  particles,  or  their  removal,  or  the  dissolving  of  the  water-soluble 
salts  contained  in  the  soil  or  their  washing  away,  as  the  result  of  which  the 
strength  and  stability  of  the  soil  may  be  disturbed.  The  following  types  of 


piping  are  differentiated:  mechanical  and  chemical.  In  these  directives 
only  mechanical  piping  will  be  discussed. 


Mechanical  piping — the  breaking  away  and  shifting  within  the  soil  and  removal 
of  fine  particles  from  its  mass  as  the  result  of  seepage  flow. 

Internal  mechanical  piping — the  shift  of  fine  particles  within  the  soil  through 
seepage  flow. 

External  mechanical  piping — the  removal  of  fine  particles  from  the  soil  through 
seepage  flow. 

Dangerous  mechanical  piping — the  breaking  away,  shifting  and  removal  of  fine 
particles  and  particles  of  the  frame  of  the  soil  to  the  extent  that  its  strength 
and  stability  are  disturbed,  as  the  result  of  seepage  flow. 

Silting — the  deposit  in  the  pores  of  the  soil  of  fine  particles  carried  by  the 
seepage  flow. 

Piping  soil — soil  in  which  mechanical  piping  may  occur  and  develop  with  seepage 
rates  exceeding  the  critical. 

Non-piping  soil — soil  in  which  mechanical  piping  is  impossible. 

Practically  non-piping  soil — soil  from  which  the  seepage  flow  may  carry  away 
(with  respect  to  the  geometrical  criterion)  the  finest  unbound  p'articles  in 
an  amount  of  not  over  3-5%  by  weight,  with  the  strength  and  stability  not 
being  disturbed  by  the  removal. 

Seepage  strength  of  the  soil — the  capacity  of  the  soil  to  resist  the  occurrence 
of  seepage  deformations. 

Seepage  deformations  of  the  soil — deformations  formed  when  the  seepage  strength 
of  the  soil  is  disturbed  (as  the  result  of  mechanical  piping,  silting,  seepage 
heaving  or  compaction  and  contact  erosion). 

Soil  spilling  into  the  filter — the  shifting  of  fine  fractions  from  the  contact 
soil  to  the  filter  layer  (or  the  soil  of  layer  1  into  the  second,  or  into  the 
rock  fill)  due  to  the  force  of  gravity. 

Forcing  the  filter  into  the  soil — the  introduction  of  fractions  of  the  filter 
in  the  contact  soil,  occurring  because  of  the  force  of  gravity  and  external 
loads . 

Contact  area  of  the  soils — the  area  including  the  boundary  of  two  contiguous 
soils,  differing  in  their  granulometric  composition,  which  is  determined  by 
the  depth  of  the  possible  penetration  of  the  particles  of  one  soil  into  the 
other. 


Stratification  of  the  soil — the  separation  of  large  particles  from  fine  ones 
which  takes  place  in  the  transport,  unloading  and  dumping  of  the  soil. 

Heaving — the  breaking  off  and  simultaneous  shifting  of  the  entire  volume  of 
soil,  caused  by  an  upward  seepage  flow. 

Exfoliation  of  the  soil — the  breaking  off  of  clumps  of  particles  of  cohesive 
(clay)  soil  in  the  contact  zone  (in  the  pores)  with  the  coarse  soil  or  soil 
of  the  reverse  filter. 

Permissible  exfoliation — the  breaking  off  of  clumps  of  particles  of  cohesive 
soil  in  the  contact  zone  with  the  soil  of  the  filter  material  (in  the  pores) 
to  a  depth  equal  to  or  less  than  half  of  the  diameter  of  the  pores  of  the 
filter  soil,  with  the  formation  of  stable  anticlines  (without  erosion  of  the 
contact) . 

Dangerous,  inadmissible  exfoliation — the  breaking  off  of  clumps  of  particles 
of  cohesive  soil  in  the  contact  zone  with  the  soil  of  the  filter  material  (in 
the  pores)  to  a  depth  greater  than  half  of  the  diameter  of  the  pores  of  the 
filter  soil,  with  the  possibility  of  deformations  occurring  in  the  cohesive 
soil. 

Contact  erosion — erosion  of  fine  or  cohesive  (clay)  soil  upon  contact  with 
coarse  soil  (filter)  due  to  longitudinal  seepage. 

Letter  Designations 

D — diameter  of  particles  of  soil  of  the  reverse  filter; 

D  — average  diameter  of  the  seepage  pores  in  the  filter  layer; 

Qmax — maximal  diameter  of  the  seepage  pores  in  the  filter  layer; 
D£‘c'  — estimated  diameter  of  the  seepage  pores  of  the  soil  of  the 
filter; 

Dio* • .D27. . .Daq — diameters  of  the  particles  of  the  soil  of  the  reverse  filter; 

— coefficient  of  variation  of  granular  size  of  the  soil  and 
the  soil  of  the  reverse  filter; 

n)nf  — porosity  of  the  soil  and  the  soil  of  the  reverse  filter  (in 
fractions  of  a  unit); 

Kt;  Kj, — coefficient  of  seepage  of  the  soil  and  the  soil  of  the  reverse 
filter; 

< J,  — coefficient  taking  into  consideration  the  shape  and  roughness 
of  the  soil  particles; 

d — diameter  of  the  particles  of  the  soil  protected  by  the  reverse 
filter; 

der — diameter  of  the  arch-forming  particles  of  soil; 
dti  — diameter  of  the  (piping)  particles  of  soil  carried  away  by 
the  seepage  flow; 

drv — diameter  of  the  (silting)  particles  of  soil  at  which  the 
silting  of  the  filter  (or  soil)  begins; 
dlO* • *di7* . .d60 — diameters  of  the  soil  particles; 

JKp.  v  --critical  pressure  gradient  and  seepage  rate  at  which  the 
'  1  ‘  mechanical  piping  or  erosion  of  the  soil  begins; 
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--coefficient  of  critical  rate; 

--derived  coefficient  of  friction; 

—permissible  gradient  of  pressure  and  seepage  rate,  equal  to 
the  critical  (reduced),  with  respect  to  the  safety  factor; 
—estimated  gradient  of  pressure,  determined  by  the  seepage 
estimate  or  EGDA  method; 

—angle  between  the  directions  of  the  seepage  rate  and  the 
forces  of  gravity; 

—coefficient  of  nonuniformity  of  distributing  the  particles 
of  soil  (filter),  or  coefficient  of  piping  localization; 
—volume  weight  of  dry  soil; 

—specific  gravity  of  soil  particles; 

—volume  weight  of  water; 

—coefficient  of  kinematic  viscosity  of  the  water 
—moisture  content  of  the  soil 

—maximal  molecular  moisture  capacity  of  cohesive  soil; 
—limit  of  flowability  of  the  soil; 

—limit  of  rolling  out  of  the  soil; 

—plasticity  number  of  the  soil; 

—coefficient  of  water  saturation  (moisture  content)  of  the 
soil; 

—coefficient  of  porosity  at  the  limit  of  flowability  of  the 
soil; 

acceleration  of  the  force  of  gravity; 

—pressure  head; 

—thickness  of  the  filter  layer. 


Section  3.  The  purpose  of  transitional  zones.  Transitional  zones  are  the 
transitional,  intermediate  layers  of  soil  joining  the  loamy  (cohesive) 
material  of  the  core  or  facing  with  the  coarse-grained  material  of  the  tri¬ 
angle  of  the  dam  (pebble  or  rock  fill). 

The  principal  purpose  of  transitional  zones  is  to  protect  the  cohesive  (clay) 
soil  of  the  core  (facing)  of  the  dam  from  seepage  deformations  (exfoliation) 
and  mechanical  piping  and  contact  erosion,  and  to  ensure  the  welding  of  cracks 
in  the  core  of  the  dam  if  it  is  possible  for  them  to  form,  as  well  as  to  en¬ 
sure  reliable  union  of  the  core  (facing)  with  the  dam  triangles  or  the  over¬ 
burden  from  the  upstream  side  of  the  facing. 

Section  4.  Problems  of  planning  the  granulometric  composition  of  the  filters 
of  transitional  zones.  The  solutions  to  the  following  basic  problems  are 
among  those  included  in  planning  the  granulometric  composition  of  the  filters 
of  the  transitional  zones  of  dams: 

1.  Establishing  the  degree  of  soil  cohesiveness  of  the  core  (facing)  of  the 
dam  and  its  estimated  parameters  (granulometric  composition,  weight  by  volume, 
porosity,  plasticity  number,  water  saturation  coefficient,  etc.)  characteriz¬ 
ing  it  as  cohesive  (clay)  soil,  satisfying  all  the  demands  made  of  this  cate¬ 
gory  of  soils,  and  the  choice  of  the  composition  of  the  filters  which  are  made 
in  accordance  with  the  method  for  cohesive  soils. 

2.  Determining  the  hydrodynamic  conditions  of  the  seepage  flow  in  contact 
zones  (estimated  pressure  gradients  in  the  core  and  facing  upon  emergence  in 
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the  first  layer  of  the  filter  and  along  the  contacts),  being  determined 
either  by  seepage  estimates  or  by  EGDA  methods,  or  by  other  experimental 
and  visual  methods. 


3.  Planning  the  granulometric  composition  of  the  first  layer  of  the  filter 
(if  there  are  no  data  on  the  run-of-bank  or  artificially  obtained  soils)  in 
accordance  with  the  condition  of  the  inadmissibility  of  deformations  of  the 
exfoliation  of  clumps  of  particles  of  the  cohesive  soil  of  the  core  (facing) 
of  the  dam  at  the  contact  with  the  first  layer  of  the  filter  and  the  follow¬ 
ing  layers  (if  required),  according  to  the  condition  of  a  lack  of  "tendency 
to  spill"  and  the  seepage  strength  and  stability  of  the  contacts. 

4.  Selecting  the  run-of-bank  or  artificially  obtained  soils  (if  there  are 
quarries  or  the  products  of  rock-crushing  plants) ,  which  may  be  used  for  the 
construction  of  transitional  zones,  taking  into  consideration  the  technical 
and  economic  expediency  of  their  use.  When  there  are  several  quarries  for 
the  installation  of  transitional  zones  in  the  vicinity  of  the  structure  being 
erected,  the  lowest  cost  of  the  work  in  using  them  (location,  transport, 
developmental  conditions,  etc.)  should  be  the  guidelines  in  the  choice  of 
one  or  several  of  them. 

5.  Checking  the  planned  or  chosen  granulometric  composition  of  the  soils  of 
transitional  zones  for  seepage  strength  and  the  stability  of  the  contact  and 
for  the  condition  of  inadmissibility  of  deformations  from  the  exfoliation  of 
clumps  of  particles  of  cohesive  soil,  its  erosion  upon  contact  with  the  first 
layer  of  the  filter  and  erosion  of  the  contacts  of  the  succeeding  layers 
during  contact  seepage  (along  the  layers)  and  dangerous  mechanical  piping  in 
the  actual  layers  of  the  transitional  zone  (in  addition  to  that  mentioned 

in  sections  3  and  4) . 

6.  Checking  the  planned  or  chosen  granulometric  composition  of  the  first 
layer  of  the  filter  of  the  transitional  zone  for  the  condition  of  self¬ 
welding  of  longitudinal  cracks  in  the  core  of  the  dam  if  the  possibility  of 
their  formation  is  established. 

7.  Determining  the  thickness  and  number  of  layers  of  the  transitional  zone, 
not  only  with  respect  to  the  work,  but  also  taking  into  consideration  the 
stratification  along  the  height  of  the  material  of  the  triangles  of  the  dam 
when  they  are  constructed,  as  well  as  taking  into  consideration  possible 
horizontal  deformations  of  the  structure. 

8.  Establishing  the  permissible  limits  of  possible  deviations  in  the  granulo¬ 
metric  composition,  the  thickness  of  the  layers  and  the  porosity  (or  volume 
weight)  of  the  soils  of  the  transitional  zone  filters. 

9.  Testing  experimentally,  under  laboratory  conditions  or  at  an  experimental 
section  at  the  construction  site,  the  planned  composition  of  the  material  of 
the  transitional  zone  when  the  estimated  characteristics  of  the  run-or-bank 
soils  or  soils  obtained  at  rock  crushing  plants,  designated  for  the  trans¬ 
itional  zones,  are  outside  the  recommended  limits  stipulated  by  these 
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directives.  For  this  purpose,  depending  on  the  tasks  of  the  experimental 
checking,  a  program  and  method  of  experimental  research  should  be  formulated. 

Section  5.  The  material  for  transitional  zones.  Only  noncohesive  natural 
or  artificially  obtained  soils  from  hard  and  solid  rock  containing  no  water- 
soluble  salts  should  be  used  for  the  filters  of  the  transitional  zones. 

Among  these  soils  are:  sandy,  gravel-pebble  soil,  rubble,  rubble  wastes  of 
rock-crushing  plants. 

Natural  or  artificially  obtained  sand  should  consist  of  solid  hard  rock: 
feldspar,  quartz,  or  a  mixture  of  them. 

Gravel,  pebbles  and  rubble  soils  should  come  from  solid,  hard,  frost-resistant 
rock,  not  subject  to  weathering  and  leaching. 

The  maximum  crushing  strength  of  the  rock  for  the  transitional  zones  of  dams 
should  correspond  to  the  strength  of  the  basic  dam  embankment,  but  be  at 
least  300-400  kg/cm  .  In  the  tests  for  frost  resistance,  they  should  with¬ 
stand  at  least  50  cycles  of  freezing  and  thawing  at  a  temperature  of  +  17°C, 
with  the  loss  in  weight  not  exceeding  5%. 

Section  6.  Initial  data  for  planning.  The  following  Initial  data  should  be 
known  when  planning  the  filters  for  transitional  zones: 

1.  The  type  and  design  of  the  cross  section  of  the  dam  with  the  impervious 
devices  adopted  in  the  plan  and  the  method  of  constructing  it  (constructed 
by  layer-by-layer  deposit  and  compacting,  depositing  by  the  pioneer  method 
for  a  great  height,  a  combined  method,  dry,  with  water,etc.); 

2.  Data  on  the  material  of  the  core  and  facing  of  the  dam:  the  granulo¬ 
metric  composition,  volume  weight,  specific  gravity,  porosity,  plasticity 
limits  and  number,  coefficient  of  water  saturation  and  others,  and  their 
estimated  characteristics  adopted  in  the  plan; 

3.  Data  on  the  possible  horizontal  shifts  of  the  core  or  triangles  of  the 
dam  and  data  on  the  possible  formations  of  individual  (longitudinal)  cracks 
in  the  core  (facing)  of  the  dam; 

4.  Data  on  the  materials  of  the  triangles  of  the  dam  (sandy-pebble,  made  of 
riprap,  etc.)  and  its  physical  characteristics:  granulometric  composition, 
volume  weight,  specific  gravity,  porosity,  etc.; 

5.  Data  on  the  availability  and  supplies  of  local  materials  (quarries),  de¬ 
signed  for  the  construction  of  the  transitional  zones,  data  on  the  conditions 
for  extracting  and  transporting  them  as  well  as  their  physical  characteristics, 
mentioned  in  section  4  of  this  paragraph; 

6.  The  estimated  values  of  the  pressure  gradients  of  the  seepage  flow,  adopted 
in  the  plan  on  the  basis  of  seepage  calculations  or  according  to  the  BGDA 
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method:  maximal  estimated  pressure  gradient  (Imax)  when  the  seepage  flow 
oozes  into  the  downstream  slope  of  the  core  ^  (facing)  of  the  dam  on 
contact  of  the  core  and  the  first  layer  of  the  filter,  etc. 
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Chapter  2.  BASIC  ESTIMATED  CONDITIONS  FOR  PLANNING 
THE  GRANULOMETRIC  COMPOSITION  OF  THE  MATERIAL 
OF  THE  TRANSITIONAL  ZONES 

Section  7.  General  instructions.  1.  Only  noncohesive  natural  or  artifici¬ 
ally  obtained  natural  soils  made  of  hard  and  dense  rock  and  not  containing 
water-soluble  salts  should  be  used  to  construct  the  transitional  zone 
(Chapter  1,  section  5). 

The  granulometric  composition  of  the  material  of  the  transitional  zones  may 
be  planned  or  selected  to  be  nonpiping,  as  well  as  piping. 

The  filters  of  the  transitional  zone  with  a  piping  composition,  however, 
should  be  checked  for  the  seepage-piping  strength,  i.e.,  so  that  for  the 
given  hydrodynamic  conditions  their  work  in  the  filter  material  does  not 
cause  dangerous  mechanical  piping  and  does  not  disturb  its  seepage  strength. 

2.  The  recommendations  given  below  for  planning  and  selecting  the  granulo¬ 
metric  composition  of  the  first  layer  of  the  filter  of  the  transitional  zone 
extend  to  filters  of  the  transitional  zone  which  protect  cohesive  (clay) 
drained  soil. 

The  cohesive  soils  (loam  and  clay)  may  be  characterized  by  their  compositional 
content  of  clay  particles  0.005  mm  in  size: 

Loams  .  .  ,  . . . .  10-30% 

Clays .  over  30% 

and  with  a  plasticity  number  W„: 

loams  .  . .  7^Wff^17 

clays .  W„>17 

3.  In  these  directives  the  planning  and  selecting  of  the  granulometric  com¬ 
position  of  the  first  layer  of  the  filter  of  the  transitional  is  recommended 
for  cohesive  soils  (imperfect  structure)  with  a  plasticity  number  Vn>7  with 
a  fluctuation  in  the  moisture  content  in  the  plasticity  interval,  i.e.,  when 
Wr^W$-.WA,,  where  Wr  is  the  flowability  limit  and  Wp  is  the  flattening  limit 
of  the  soil. 
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In  this  case  the  clay  soil  should  have  molecular  cohesion,  which  may  be  ex¬ 
pressed  by  the  value  of  the  volume  weight  of  the  dry  (frame)  soil  [4J. 


The  volume  weight  of  the  dry  (frame)  protected  cohesive  soil  at  its  place¬ 
ment  should  be 


>  l  ot  ■■ 


A 

1  +  «t 


where  A  is  the  specific  gravity  of  the  soil  particles  in  g/cm^;  g.ris  the 
coefficient  of  porosity  with  WT: 

\W\_  (2) 

where  y3  is  the  volume  weight  of  the  water  1  g/cm3. 

4.  The  recommendations  given  below  on  the  method  of  planning  and  selecting 
the  granulometric  composition  of  the  first  layer  of  the  filter  of  the  trans¬ 
itional  zones  protecting  cohesive  (clay)  soils  are  stipulated  for  high  and 
superhigh  dams  (non-classified)  and  of  class  I  with  respect  to  durability — 
the  condition  of  inadmissibility  of  breaking  away  or  separation  of  clumps  of 
particles  of  cohesive  soil  at  the  contact  with  the  soil  of  the  first  layer 
of  the  filter. 

5.  The  granulometric  composition  of  the  first  layer  of  the  filter  of  trans¬ 
itional  zones  to  soils  with  a  plasticity  number  of  W„<7  is  planned  or 
selected  in  the  same  way  as  for  noncohesive  soils  in  accordance  with  [1],  or 
the  final  decision  is  made  after  special  experimental  studies  have  been  made 
in  accordance  with  the  specific  conditions. 

Note.  For  dams  of  classes  II- IV  with  respect  to  durability  and  for  temporary 
structures,  a  small  amount  of  scaling  (not  affecting  the  strength)  may  be 
permitted  for  the  clay  soil  at  the  contact  with  the  first  layer  of  the  filter 
(in  the  pores)  for  the  value  A  S“  D3iax  .  Here  the  maximal  size  of  the  pores 

of  the  soil  of  the  first  layer  of  t$e  filter  should  be  I^*ax^1.5  cm,  and  the 
clay  soil  of  the  core  (facing)  should  have  a  plasticity  number  of  W„>7  (and 
W,>5  for  temporary  structures). 

Section  8.  Evaluating  the  piping  tendency  (nonpiping  tendency)  of  the  soils 
and  determining  the  maximal  size  of  the  particles  carried  off  and  the  maxi¬ 
mally  possible  percent  of  the  removal  (by  geometric  criterion).  When  the 
selection  of  the  composition  of  the  transitional  zones  is  begun,  it  is  above 
all  necessary  to  determine  the  category  to  which  the  run-of-bank  or  artifici¬ 
ally  obtained  soils  belong  and  whether  these  soils  are  piping  or  nonpiping. 

Two  methods  are  recommended  for  solving  this  problem:  the  first  method  char¬ 
acterizes  the  nonpiping  nature  of  the  soil  when  the  finest  particles  are  not 
removed  at  any  seepage  rate. 

The  second  method  characterizes  the  soil  as  practically  nonpiping,  from  which 
a  negligible  removal  of  extremely  fine  unrestrained  particles  is  permissible, 
but  without  disturbing  its  strength. 
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The  first  method.  From  the  given  parameters  of  the  soil  being  studied,  the 
diameter  of  the  maximal  seepage  pores  in  the  soil,  D^331  is  determined  by  the 
following  relationship: 

c  =  0.455-,/^  JO-  D„, 

‘  —  "•l*  (3) 


where  x is  the  coefficient  of  the  nonuniformity  of  the  distribution  of  the 
particles  in  the  soil  or  the  coefficient  of  the  piping  localization: 


*  ~  1  + 


(4) 


"'If’*  is  the  coefficient  of  the  variation  in  granular  size  of  the  soil; 
n<p  is  ftie  porosity  (in  fractions  of  a  unit);  D,7  is  the  diameter  of  the  parti¬ 
cles  contained  in  the  soil  in  an  amount  of  17Z  and  less  (by  weight) . 

Then,  along  the  curve  of  the  granulometric  composition  of  the  given  soil,  we 
find  the  minimal  diameter  of  its  particles 


If  it  proves  that 


077/y,ni'c\  n 


(5) 


the  soil  should  be  considered  piping;  from  such  soil  there  may  be  a  removal 
of  all  the  particles  with  a  size  less  than  or  equal  to 


<  0,7/  DZ‘KC, 


(6) 


where  is  the  maximal  diameter  of  the  piping  particles  which  may  be  removed 

from  the  mass  of  soil  at  the  corresponding  rates  of  seepage  (greater  than  the 
critical —  vK^ . 


If,  however,  it  turns  out  that 


0,77  £>“*“<  £>u 


(7) 


the  soil  should  be  considered  as  nonpiping.  Even  the  finest  particles  cannot 
be  removed  from  such  soil. 


The  maximal  possible  percent  of  removal  of  piping  particles  from  the  soil 
(according  to  the  geometrical  criterion)  is  determined  from  the  relationship 
(6)  for  D®a*. 

Knowing  Djff*,  we  determine  the  unknown  maximal  percent  of  removal  from  the 
curve  of  granulometric  composition. 

Second  method.  Practical  experience  shows  that  if  the  very  finest  unrestrained 
particles  are  removed  from  the  soil  in  an  amount  of  not  more  than  3-5%  by 
weight,  the  strength  of  the  soil  is  not  disturbed.  Consequently,  soil  from 
which  the  finest  particles  may  be  removed  by  the  seepage  flow  in  an  amount  of 
not  more  than  3%  (5%)  by  weight  may  be  considered  as  practically  nonpiping. 
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Run-of-bank  or  artificially  obtained  soil  destined  for  the  filters  of  trans¬ 
itional  zones  should  be  regarded  (according  to  the  geometrical  criterion)  as 
practically  nonpiping  if  its  parameters  satisfy  the  following  relationship: 


where  N= 


N=  (0 . 32+0.016 ^ ^ 


If  the  relationship  (8)  is  not  satisfied,  the  soil  should  be  considered  as 
piping. 

Note.  The  methods  given  in  section  8  to  determine  the  piping  tendency  (non- 
piping  tendency)  of  the  soils  extend  not  only  to  soils  of  reverse  filters 
but  also  to  all  natural  run-of-bank,  artificially  obtained  noncoheslve  soils 
of  broken  and  unbroken  structure. 

Section  9.  The  permissible  degree  of  variation  in  granular  size  of  the  soil 
for  construction  of  transitional  zones.  Many  years  of  research  carried  out 
in  laboratories  and  in  the  field  on  studying  the  degree  of  nonuniformity  of 
distribution  of  the  soil  particles  and  its  tendency  to  stratification,  obser¬ 
vations  of  the  work  done  in  placing  the  material  of  the  filters  [2],  as  well 
as  the  great  thickness  of  the  layers  of  the  transitional  zones  with  their 
construction  makes  it  possible  to  substantiate  the  recommendation  that  soils 
with  a  high  degree  of  variation  in  granular  size  be  used.  This  makes  it  pos¬ 
sible  to  use  natural  run-of-bank  soils  for  the  filters  of  transitional  zones 
without  their  additional,  expensive  processing — sifting  out  the  coarse  and 
washing  away  the  fine  fractions,  dressing,  crushing,  etc.,  as  is  done  for 
thin-layer  filters,  in  order  to  obtain  homogeneous  material. 

1.  The  coefficient  of  variation  in  granular  size  of  the  soil  of  the  first  and 
subsequent  layers  of  the  transitional  zones  for  high  and  superhigh  dams  (non- 
classlfled)  and  of  class  I  with  respect  to  durability,  which  protect  cohesive 
soils  should  be  designated  [2] : 

(9) 

As  practical  experience  shows,  placing  the  soil  with  fy<:50  when  erecting  thin- 
layer  filters  layer  by  layer  with  leveling  and  compaction,  given  a  certain 
moisture  content  (up  to  5Z)  ensures  its  homogeneity  by  layer. 

2.  The  first  layer  of  the  filter  of  the  transitional  zone  protecting  cohesive 
so il  may  have  the  coefficient  of  variation  in  granular  size  assumed  as  ^  >50 
with  the  proper  substantiation: 


a)  If  it  includes  sandy  fractions,  d*0.05-2 
20-25%; 


in  an  amount  not  less  than 
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b)  The  estimated  diameter  of  the  pores  of  the  soil  (with  fy,  >  50) ,  when  it 
is  not  advantageously  distributed  should  be  greater  than  the  actual  maximal, 

i.e.  D/*“>  (1. 25-1. 50) D®3*. 

c)  The  granulometric  composition  of  the  soil  with  ^  >50  should  satisfy  the 
criterion  of  the  ability  to  silt  up  and  weld  cracks  in  the  core  (facing)  of 
the  dam  (which  creates  a  reserve  strength) ; 

d)  Removal  of  fine  piping  fractions  d<;  from  the  given  composition  of  the  soil 
(with  ^u>50) ,  with  the  contact  seepage  and  given  specific  hydrodynamic  condi¬ 
tions  should  be  less  than  D5,  i.e.  d*;  <  D5  (with  a  certain  reserve  as  compared 
with  the  relationship  (29) — "the  removal  criterion"); 

e)  The  given  composition  with  > 50  should  satisfy  the  criterion  (20),  i.e., 
the  condition  of  inadmissibility  of  the  erosion  of  cohesive  soil  with  longi¬ 
tudinal  contact  seepage. 


Figure  2.  Diagram  of  a  Transitional  Zone 

1 — core  of  the  dam;  2 — transitional  zone  (filter) ;  3 — triangle  of 
the  dam;  t' — horizontal  shift  of  the  triangle  or  core  of  the  dam. 

If  the  above  conditions  are  not  satisfied,  the  suitability  of  the  given  com¬ 
position  of  the  soil  may  be  checked  experimentally. 

Section  10.  The  thickness  of  the  first  layer  of  the  filter  of  the  transitional 
zone,  a)  Impervious  devices  (core,  facing)  and  the  supporting  triangles  of 
high  dams  undergo  deformations  different  in  value  and  direction,  with  which 
considerable  shifts  are  possible  in  the  triangle  of  the  dam  in  the  direction 
of  the  core  or  vice-versa.  In  such  cases  there  may  be  a  fracture  of  the  first 
layer  of  the  filter  of  the  transitional  zone,  if  its  thickness  is  negligible, 
for  example,  equal  to  t'  (Fig.  2).  Consequently,  the  construction  of  the 
first  layer  of  the  filter  of  the  transitional  zone  with  a  fine-layer  is  not 
permitted  for  high  dams. 


When  the  first  layer  of  the  filter  of  the  transitional  zone  is  constructed 
with  considerable  thickness,  the  undesirable  phenomena  of  the  fracture  of 
the  layers  with  uneven  and  varied  settling  of  the  elements  of  the  dam,  as 
well  as  with  seismic  action  on  the  dam,  will  be  eliminated.  Here  the  pos¬ 
sibility  of  the  fracture  (rupture)  of  the  transitional  zone  will  be  elimi¬ 
nated  (Fig.  2),  even  though  deformations  may  occur. 

b)  When  the  layer  of  the  filter  is  very  thick  it  becomes  possible  to  use 
natural  run-of-bank  soils  varied  in  granular  size,  with  a  high  degree  of 
granular  variation  coefficient  (ity^50  and  above)  without  their  expensive 
processing  (washing  away  the  fine  and  sifting  the  coarse  fractions,  as  is 
done  for  thin- layer  filters) . 

c)  The  thickness  of  the  first  layer  of  the  filter  of  the  transitional  zone 
for  high  dams  should  be  designated  not  only  with  respect  to  the  seepage  con¬ 
ditions  and  the  work  conditions,  but  also  in  consideration  of  the  possible 
horizontal  shifts  of  the  elements  of  the  structure  (core  and  triangle  of  the 
dam)  due  to  uneven  settling. 


The  minimal  thickness  of  the  first  layer  of  the  filter  of  the  transitional 
zone  Tm-[n  for  this  type  of  dam  should  be  (Fig.  2) : 

>  '1  +  t'  (m),  (10) 

where  t’  is  the  total  size  of  the  horizontal  shifts  of  the  core  or  triangle 
of  the  dam  (in  m) ,  determined  by  calculation  or  by  the  data  from  research. 


Note.  The  thickness  of  the  next  layers  of  the  transitional  zone,  if  they 
are  necessary,  may  be  designated  from  the  work  conditions,  but  be  at  least 
3-3.5  m. 

Section  11.  Estimated  pressure  gradients.  1.  When  planning  or  selecting 
the  granulometric  composition  of  the  first  layer  of  the  filter  of  the  trans¬ 
itional  zones  protecting  cohesive  (clay)  soil,  the  estimated  value  of  the 
gradient  of  the  seepage  flow  Jp  in  cohesive  soil  at  the  emergence  into  the 
first  layer  of  the  filter  should  be  known. 


The  estimated  value  of  the  pressure  gradient  of  the  seepage  flow  at  the  sec¬ 
tion  of  seepage  of  the  core  or  facing  of  the  dam  may  be  determined  either  by 
the  seepage  estimates  or  by  the  EGDA  method. 


For  the  core  of  the  dam,  the  gradient  of  the  seepage  flow,  with  its  emergence 
onto  the  downstream  surface  of  the  core  in  the  first  layer  of  the  filter  may 
be  determined  by  the  following  relationship  (Fig.  3) : 


/  _  sin  «. 
cos  ^  * 


(11) 


where  is  the  angle  between  the  line  of  flow  and  the  downstream  edge  of  the 
core,  and  is  taken  from  the  hydrodynamic  system  constructed  by  the  graphic 
method. 
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For  the  core  of  the  dam,  however,  recommended  for  the  estimated  pressure 
gradient  is  the  maximal  gradient  at  the  section  of  seepage  with  the  emergence 
of  the  seepage  flow  into  the  first  layer  of  the  filter  at  the  water  level  of 
the  tailwater  (where  p  ~«) ,  which  may  be  assumed  equal  to: 


rMIK 


«  *g«. 


(12) 


where  A.  is  the  angle  of  incline  of  the  downstream  slope  of  the  core  to  the 
horizon*  (Fig.  3). 


Figure  3.  Estimate  Pressure  Gradients 

1 — core  of  the  dam;  2 — transitional  zone  (filter);  3 — material 
of  the  triangle  of  the  dam;  a — angle  of  incline  of  the  downstream 
slope  of  the  core  toward  the  horizon;  3 — angle  between  the  line  of 
flow  and  the  downstream  edge  of  the  core;  I — pressure  gradient  with 
vertical  (from  top  to  bottom)  seepage  of  the  water  in  the  triangle  of 
the  dam;  1^ — pressure  gradient  (oozing)  with  the  emergence  of  the 
seepage  flow  at  the  downstream  surface  of  the  core  in  the  filter 
layer;  I™ax — same  maximal  pressure  gradient  (oozing)  at  the  water 
level  of  the  tailwater  (  {3  fss  A)  . 

Consequently,  the  estimated  pressure  gradient  at  the  contact  of  the  core  and 
the  first  layer  of  the  filter  may  be  taken  as 

/„  =.  tin  «,(  .  (13) 

where  «  is  the  same  as  in  formula  (12) . 

The  given  pressure  gradient  1^  should  be  less  than  the  critical  one  (sect.  14), 
when  in  the  contact  zone  there  will  be  no  breaking  off  of  clumps  of  particles 
of  the  cohesive  soil  of  the  core  of  the  dam  and  no  erosion  of  the  contact  zone. 

3.  When  there  is  a  runoff  of  seepage  water  (or  storm  waters)  along  the  contact 
of  the  first  layer  with  the  second  layer  of  the  filter,  1^  may  be  assumed  for 
the  estimated  pressure  gradient  from  the  relationship  (13) ,  and  in  the  case  of 


*  The  maximal  angle  of  the  core  of  the  dam  is  customarily  recommended  as 
A  £76-80°. 
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vertical  seepage  in  sand-pebble  soil  of  the  dam  embankment,  i.e.,  with  a  flow 
(storm  water,  etc.)  of  the  waters  downward,  the  estimated  pressure  gradient 
may  be  taken  as  1=1  (Fig.  3). 

These  checks  of  the  piping  strength  of  the  contact  zone  of  the  first  and 
second  layers  of  the  filter,  as  well  as  of  the  piping  strength  of  the  actual 
sand-gravel-pebble  triangle  of  the  dam,  should  be  made  if  called  for  by  the 
specific  practical  conditions. 


Note.  The  practical  work  and  verificational  estimates  show  that  the  runoff 
of  water  down  along  the  first  layer  of  the  filter  at  the  contact  with  the 
second  layer,  in  the  process  of  operation,  is  almost  never  observed,  and  the 
penetration  of  storm  waters  inside  the  embankment  of  the  dam  extends  to  a 
negligible  depth. 


4.  For  the  facing  of  the  dam,  it  is  recommended  that  the  estimated  gradient 
of  the  pressure  with  the  emergence  of  the  seepage  flow  from  the  downstream 
side  of  the  facing  into  the  first  layer  of  the  filter  be  assumed  as  (Fig.  9) : 


a)  When  the  downstream  triangle  of  the  dam  is  made  of  riprap: 


(14) 


where  2  is  the  pressure  exerted  on  the  dam;  is  the  thickness  of  the  facing 
(according  to  the  standard  specifications); 


b)  When  the  downstream  triangle  of  the  dam  is  made  of  sand-gravel-pebble 
soils :  ,> 


where  z '  is  the  pressure  head  at  the  section  of  the  facing  at  the  spot  adjacent 
to  the  depression  curve  (constructed  for  the  embankment  of  the  dam);  £»  is  the 
thickness  of  the  facing  according  to  the  standard  specifications. 


5.  In  the  appropriate  cases,  when  the  need  arises  to  protect  the  facing  from 
the  upstream  side  (if  there  is  a  reduction  in  the  water  level  in  the  headwater 
and  the  seepage  waters  ooze  out  onto  the  upstream  slope),  it  is  recommended 
that  the  estimated  pressure  gradient  be  taken  as: 

(15) 

where  /J  is  the  angle  of  incline  of  the  upstream  slope  of  the  facing  toward  the 
horizon  (  <  90°). 

6.  In  the  estimates  (verifications)  of  the  composition  of  the  filter  for 
contact  erosion  of  the  upstream  slope  of  the  facing  (dam),  on  condition  of  a 
pulsing  regime  and  longitudinal  seepage  into  the  layer  of  the  filter  (from 
the  rise  and  fall  of  the  waves),  the  estimated  pressure  gradient  should  be 
taken  as: 
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(16) 

where  k^  Is  the  coefficient,  calculating  the  pulsing  regime  of  the  longitudinal 
seepage  (with  respect  to  the  eroded  pressure  gradient  with  uniform  established 
longitudinal  seepage)*:  kn«l . 13-1 . 50  (the  mean  value  k„*1.35  is  recommended 
for  estimates);  1^  is  the  gradient  in  the  filter  layer  (filter  preparation) 
at  the  contact  with  the  cohesive  soil  of  the  facing  (for  the  downstream  slope 
of  the  dam) : 


/K  =  *i"  fc- 


(17) 


where  is  the  same  as  in  formula  (15) . 


From  the  data  of  N.N.  Belyashevskly,  professor  and  doctor  of  technical 
sciences,  and  N.G.  Bugay,  candidate  of  technical  sciences. 


20 


Chapter  3.  THE  METHOD  OF  PLANNING  AND  SELECTING 
THE  GRANULOMETRIC  COMPOSITION  OF  THE  FILTERS 
OF  TRANSITIONAL  ZONES 

In  the  practical  work  of  planning  the  granulometric  composition  of  the  filters 
of  transitional  zones,  the  need  arises  to  solve  the  problem  for  one  or  two 
possible  variants. 

Variant  1.  The  granulometric  composition  of  run-of-bank  soils  destined  for 
construction  of  transitional  zone  filters  is  unknown. 

In  this  case  the  granulometric  composition  of  the  filters  of  the  transitional 
zones  must  be  planned  to  select  the  appropriate  quarries  or  for  the  task  of 
preparing  them  artificially,  at  rock  crushing  plants. 

Variant  2.  The  granulometric  composition  of  run-of-bank  soils  or  the  output 
of  rock  crushing  plants  is  known. 

In  this  case  the  appropriate  composition  of  the  filters  of  the  transitional 
zones  must  be  selected  from  the  given  soils. 

Presented  below  for  these  two  variants  is  a  method  of  planning  and  a  method 
of  selecting  the  granulometric  composition  of  the  filters  of  the  transitional 
zones. 

A.  Method  of  Planning  the  Granulometric  Composition  of  the  Filters  of  the 
Transitional  Zones 

Planning  the  granulometric  composition  of  the  first  layer  of  the  filter  of  the 
transitional  zones  for  the  core  of  the  dam. 

Section  12.  General  instructions.  When  planning  the  granulometric  composition 
of  the  first  layer  of  the  filter  of  transitional  zones  of  the  core  of  a  dam, 
the  basis  should  be  the  hydrodynamic  conditions  which  affect  the  seepage-piping 
strength  and  stability  of  the  core,  as  well  as  the  requirements  which  in  this 
case  should  be  made  of  the  material  of  the  first  layer  of  the  filter  for  the 
downstream  and  upstream  sides  of  the  core  of  the  dam  [17,  18]. 

On  the  downstream  side  of  the  core  of  the  dam  the  work  of  the  filters  of  the 
transitional  zones  takes  place  under  complex  hydrodynamic  conditions,  which 


21 


makes  it  necessary  to  make  high  demands  of  the  granulometric  composition  of 
the  filters,  which  should  ensure  the  strength  and  reliability  of  the  core  of 
the  dam,  preventing  the  breaking  off  or  separation  of  clumps  of  particles  of 
the  material  of  the  core  in  the  pores  of  the  filter,  the  erosion  of  the  core 
upon  contact  by  the  seepage  flow,  proceeding  in  the  first  layer  of  the  filter. 
In  addition,  the  material  of  the  first  layer  of  the  filter  should  ensure  the 
welding  of  cracks  in  the  core  of  the  dam  if  they  form. 

As  for  the  transitional  zone  on  the  upstream  side  of  the  core  of  the  dam, 
two  sections  should  be  differentiated  along  the  height  of  the  core  and  two 
different  work  regimes  for  the  filter  on  the  upstream  side  of  the  core 
(Fig.  4). 


Figure  4.  Earth  Dam  With  Core 

1 — riprap;  2 — core  (facing)  of  the  dam;  3 — first  layer  of  the  filter 
of  the  transitional  zone;  4 — second  layer  of  the  filter  of  the  trans¬ 
itional  zone;  a — angle  of  incline  of  the  downstream  slope  of  the  core 
toward  the  horizon;  1^ — sin  a — gradient  of  the  pressure  of  the  contact 
seepage  (with  the  runoff  of  the  seeping  water  along  the  surface  of 
the  downstream  slope  of  the  core  in  the  first  layer  of  the  filter) . 

At  the  section  of  the  core  from  the  NPU  [normal  backwater  level]  to  the  UMO 
[expansion  unknown] ,  the  seepage  regime  may  correspond  to  the  seepage  regime 
of  the  downstream  slope  of  the  core  when  the  reduction  in  the  water  level  in 
the  headwater  takes  place  more  rapidly  than  the  yield  of  water  from  the  soil 
of  the  core  of  the  dam. 

At  the  section  from  the  UMO  to  the  base  of  the  core,  the  transitional  zone  of 
the  upstream  slope  of  the  core  will  be  in  a  different  and  most  favorable 
seepage  regime,  different  from  the  seepage  regime  of  the  transitional  zone 
from  the  downstream  side  of  the  core. 

In  this  case  the  soil  of  the  core  of  the  dam  in  the  pores  of  the  filter  will 
not  break  off  (separate)  due  to  the  seepage  flow  from  the  embankment  of  the 
core  of  the  dam,  but  will  be  pressed  to  the  embankment  of  the  core,  since 
the  direction  of  the  seepage  goes  toward  the  downstream  edge  of  the  dam  core. 


\ 


t 


In  addition,  in  this  part  of  the  core  of  the  dam  (from  its  foundation  to  the 
UMO)  there  is  no  contact  seepage  between  the  core  and  the  first  layer  of  the 
filter,  which  eliminates  the  possibility  of  the  erosion  of  the  core  resulting 
from  contact  seepage. 

Taking  into  consideration  the  above,  the  granulometric  composition  of  the 
first  lyaer  of  the  filters  for  the  transitional  zones  of  the  core  of  the 
dam  should  be  planned  separately  for  the  downstream  and  upstream  slopes,  in 
accordance  with  themethod  given  below. 

1.  Planning  the  Granulometric  Composition  of  the  First  Layer  of  the  Filter 
for  the  Downstream  Slope  of  the  Core  of  the  Dam 

Section  13.  Determining  the  estimated  size  of  the  diameter  of  the  seepage 
pores  of  the  soil  of  the  first  layer  of  the  filter.  If  the  characteristics 
of  the  cohesive  soil  are  of  the  values  (see  section  7)  at  which  molecular 
cohesion  is  ensured  between  the  clumps  of  the  particles,  if  there  is  seepage 
flow  in  the  clay  soil,  toward  the  underlying  layer  (filter)  with  a  pressure 
gradient  I,  a  hydrodynamic  pressure  will  be  exerted  on  the  clumps  of  cohesive 
soil  in  the  unprotected  places  in  the  pores  which  will  tend  to  tear  both 
individual  particles  and  entire  clumps  away  from  the  mass  of  the  cohesive 
soil. 


In  order  to  avoid  breaking  away  or  separation  of  the  cohesive  soil  in  the 
unprotected  places  (pores),  the  size  (diameter)  of  the  pores  of  the  material 
of  the  first  layer  of  the  filter  should  be  such  as  to  ensure  molecular  co¬ 
hesion  between  the  clumps  of  the  particles  of  cohesive  soil. 


A.  For  conditions  when  it  is  inadmissible  for  clumps  of  particles  of  co¬ 
hesive  soil  to  break  off  or  separate  at  the  contact  with  the  soil  of  the 
first  layer  of  the  filter,  the  estimated  diameter  of  the  pores,  Df*1  of  the 
material  of  the  first  layer  of  the  filter  protecting  the  cohesive  soil  should 
be  determined  from  the  following  relationship: 


with  D^7 


0-34 

<p/p+cos« 


(«*). 


0.583  cm,  e=0°-90°. 


(18) 


When  0=0°,  i.e.,  when  the  direction  of  the  seepage  coincides  with  the  direc¬ 
tion  of  the  force  of  gravity,  the  relationship  (18)  takes  the  form: 


(18’) 


It  is  recommended  that  the  relationship  (18’)  be  used  when  planning  (select¬ 
ing)  filters  for  the  facings  of  dams  (and  also,  with  a  certain  reserve,  for 
the  cores  of  dams);  <p  is  the  experimental  coefficient  of  the  pressure  gradi¬ 
ent,  the  values  of  which  f  m  f are  given  in  the  table. 
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B.  For  conditions  of  the  possible  admissibility  of  some  separation  of  the 
clumps  of  particles  of  cohesive  soil  (see  Chapter  2,  section  7,  note),  for 
dams  of  classes  II- IV  with  respect  to  durability  and  for  temporary  structures: 

<“»•  U8.) 

where  1.5  cm,  0=O°f9O°. 

TP  is  the  estimated  pressure  gradient  with  emergence  from  the  cohesive  soil 
to  the  first  layer  of  the  filter,  determined  by  seepage  estimates  or  the 
EGDA  method;  for  the  core  of  the  dam  it  is  assumed  according  to  the  relation¬ 
ship  (12);  &  is  the  angle  between  the  directions  of  the  seepage  and  the 
force  of  gravity. 


Consequently,  in  order  to  avoid  separation  of  the  cohesive  (clay)  soil  in  the 
zone  of  contact  with  the  coarse-grained  material — filter  or  of  the  deforma¬ 
tions  (when  some  separation  is  permissible),  the  protective  layer  of  coarse 
grained  material  (filter)  should  be  selected  with  a  granulometric  composition 
that  will  satisfy  the  basic  condition: 


D“*KC  '  DT\ 


(19) 


where  Dj”®*  is  the  maximal  size  of  the  seepage  pores  of  the  coarse-grained 
material — the  first  layer  of  the  filter,  determined  from  the  relationship  (3). 


Section  14.  Checking  the  strength  of  the  cohesive  soil  and  the  granulometric 
composition  of  the  first  layer  of  the  filter  for  contact  erosion  by  the  lon¬ 
gitudinal  seepage  flow,  a)  The  seepage  flow  at  the  emergence  from  the  core 
of  the  dam  will  flow  along  the  downstream  slope  of  the  core  in  coarse-grained 
material  of  the  first  layer  of  the  filter. 


The  cohesive  soil  of  the  core  of  the  dam,  coming  into  contact  with  the  coarse 
grained  material  of  the  first  layer  of  the  filter,  should  not  undergo  contact 
erosion  and  destruction  by  the  seepage  flow.  Therefore,  the  granulometric 
composition  of  the  first  layer  of  the  filter  with  the  estimated  diameter  of 
the  seepage  pores  D/*11*  or  Dj11®*,  assumed  from  the  relationship  (18),  (18’) , 
(18a)  or  from  the  basic  condition  (19) ,  should  be  checked  for  suitability  for 
ensuring  the  strength  of  the  cohesive  soil  with  contact  seepage  (for  contact 
erosion) . 
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b)  Cohesive  soil  with  a  plasticity  number  of  W„ ^7  and  a  moisture  content 
coefficient  of  G ^0.80-0.85,  coming  in  contact  with  the  coarse-grained 
material  of  the  first  layer  of  the  filter,  will  not  undergo  contact  erosion 
and  destruction,  if  the  material  of  the  first  layer  of  the  filter  is  selected 
so  that  with  the  passage  in  it  of  the  seepage  flow,  hydrodynamic  conditions 
are  created  under  which  the  strength  and  stability  of  the  cohesive  soil  will 
not  be  disturbed. 
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For  conditions  when  there  must  be  no  erosion  in  the  zone  of  contact  of  the 
cohesive  soil  with  coarse-grained  material,  the  maximal  size  of  the  pores  in 
it  Dj1331  should  enable  the  following  condition  to  be  satisfied: 

0,75/,p,  (20) 

where  1^  is  the  estimated  pressure  gradient  in  the  coarse-grained  soil  at  the 
contact  with  the  cohesive  soil  and  is  assumed  from  the  relationship  (13) ; 

Ijcp  is  the  critical  pressure  gradient  for  the  cohesive  soil  coming  into  con¬ 
tact  with  the  coarse-grained  material: 


-  0,75, 


(21) 


where  tf”3*  in  cm  is  determined  according  to  the  relationship  (3) ,  and 
D5“x^:1.8  cm. 


c)  If  condition  (20)  is  not  satisfied,  this  indicates  that  the  assumed  granu¬ 
lometric  composition  of  the  soil  of  the  first  layer  of  the  filter,  in  accord¬ 
ance  with  condition  (19)  should  be  changed. 


To  find  the  new  composition  of  the  first  layer  of  the  filter,  we  proceed  in 
the  following  way.  From  the  relationship  (20)  we  determine  for  the  given 
specific  conditions  the  value  of  1^  ,  which  will  be  equal  to  1^  *11^:0.75. 
Then,  this  value  is  substituted  in  relationship  (21),  and  solving  it  for 
I}®8*,  we  obtain: 

-  itw  <“>• 


The  new  granulometric  composition  of  the  first  layer  of  the  filter,  the  maxi¬ 
mal  size  of  the  pores  of  which  corresponds  to  the  relationship  (22),  will 
satisfy  the  basic  condition  (19)  and  condition  (20) . 

d)  Determination  of  the  estimated  dimensions  of  the  fractions  (D^q,  D17’  D60 
and  D].qq)  of  the  given  composition  of  the  soil  and  plotting  its  curve  of 
granulometric  composition  is  carried  out  below  in  section  15,  except  that  in 
the  relationship  (23),  Instead  of  Df*'1,  pm&x  substituted,  obtained  from 
the  relationship  (22). 

Section  15.  The  method  of  determining  the  estimated  sizes  of  the  fractions 
and  plotting  the  "zone  of  permissible  granulometric  composition  of  the  soil 
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suitable  for  the  first  layer  of  the  filter."  The  condition  of  the  inadmis¬ 
sibility  of  deformations  of  the  cohesive  soil  in  the  zone  of  contact  with 
the  material  of  the  first  layer  of  the  filter  is  taken  as  the  basis  of  the 
method  of  planning  the  granulometric  composition  of  the  first  layer  of  the 
filters  of  transitional  zones.  This  condition  is  determined  by  the  relation¬ 
ships  (18),  (18'),  (18a),  (22)  and  (19). 


On  the  basis  of  the  condition  assumed,  the  method  of  determining  the  estimated 
dimensions  and  the  basic  fractions  of  the  first  layer  of  the  filter  is  given 
below: 


a)  Knowing  from  the  relationship  (18),  (18*),  (18a)  the  d£‘ct,  we  find  the 
dimensions  of  the  fractions  Djj  of  the  first  layer  of  the  filter  from  the 
basic  condition  (19),  substituting  instead  of  D^®x  from  relationship  (3), 
its  value,  and  solving  it  with  respect  to  Djj,  we  obtain: 

n  or"  <-«♦  (23) 

t _ 

where  x  is  assumed  from  the  relationship  (4);  00.455 is  assumed 
in  accordance  with  the  relationship  (9),  section  9;  is  the  permissible 
porosity  of  the  material  of  the  filter: 

=  «o— 0,1  lg^+,  (24) 

where  ^  =0.40 — for  sand-gravel-pebble  soils;  n,  =0.45 — for  rubble  soils. 


b)  The  effective  diameter  of  the  fractions  of  the  first  layer  of  the  filter 
is  determined  from  the  ratio 


/>,■>  -  <»,». 

and  we  find  the  coefficient  i  from  the  graph  i“  /’(Diq/Djj) »  (Fig*  5). 


(25) 


c)  The  controlling  diameter  of  the  fractions  of  the  first  layer  of  the  filter 
is  determined  from  the  condition 


D,u  =  to. 


(26) 


d)  The  maximal  diameter  of  the  fractions  of  the  first  layer  of  the  filter 
°maX  =D100  8hould  be  determined  from  the  relationship 


1M>- 


(27) 


where  x=l+1.28  lgv.;  D^q  and  B^g  are  the  sizes  of  the  fractions,  obtained 
from  the  relationships  (25)  ana  (26). 


e)  From  the  estimated  values  of  D^g,  Dj7»  Dgg  and  D^gg  obtained,  the  esti¬ 
mated  curve  of  the  granulometric  composition  of  the  soil  suitable  for  the 
first  layer  of  the  filter  is  constructed  (curve^>.  Fig.  6). 

f)  The  given  composition  of  the  soil  satisfies  the  basic  condition  (19),  i.e., 
D^ax<^l)/  CT  ,  which  corresponds  to  its  most  disadvantageous  distribution  for 
the  estimated  value  assumed  for  the  coefficient  of  variation  in  granular 
size, 

g)  The  estimated  curve  cf>  obtained  should  be  the  "lower  limit"  of  the  per¬ 
missible  granulometric  composition  of  the  soils  suitable  for  constructing 
the  first  layer  of  the  filter. 


The  deviation  of  the  curve  of  the  granulometric  composition  of  the  soil  to 
the  right,  beyond  the  "lower  limit"  of  the  curve  is  not  permitted,  as  this 
composition  of  the  soil  for  the  first  layer  of  the  filter  is  not  suitable. 

h)  All  the  soils,  the  curves  of  the  granulometric  composition  of  which  are 
placed  to  the  left  of  the  curve  and  have  a  coefficient  of  variation  in 
granular  size  of  or  jys  (curves  1  and  2,  Fig.  6)  are  suit¬ 

able  for  the  first  layer  of  the  filter.  These  soils  create  a  considerable 
reserve  to  ensure  the  seepage  strength  of  the  protected  cohesive  soil;  in 
comparison  with  the  soil  corresponding  to  the  estimated  curve  <p  . 

A  considerable  deviation  from  the  estimated  curve  to  the  left  beyond  the 
limits  of  curve  1  (finer  granulometric  composition  of  the  filter),  however, 
may  require  an  additional  layer  for  the  transitional  zone. 

A  deviation  from  the  estimated  curve  0  is  recommended  within  the  limits,  as 
is  Indicated  in  Figure  6,  curve  1,  so  that  the  estimated  size  of  the  frac¬ 
tions  of  the  curve  corresponds  to  the  size  of  the  fractions  D'g5  of 

curve  I,  and  the  estimate*!  size  of  the  fractions  D^q‘7  of  the  curve cZ$,  to  the 
size  of  the  fractions  0*35  of  curve  I,  i.e.,  Dgg'c'?  "D’gj  atM*  ®10/>*t’  “D’ge* 
Then  the  curve  I  will  be  the  "upper  limit"  of  the  permissible  granulometric 
composition  of  the  soil,  suitable  for  placing  in  the  first  layer  of  the 
filter  (zone  I),  Fig.  6. 
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Figure  6.  Estimated  Granulometric  Composition  of  the  Soil  of  the  First  Layer 
of  the  Filter  of  Transitional  Zones 

r — cohesive  (clay)  soil,  protected  by  the  filter;  — estimated 
granulometric  composition  of  the  soil  suitable  for  placing  in  the 
first  layer  of  the  filter  with  ^  x  (lower  limit  of  the  "zone"), 

I — zone  of  permissible  granulometric  composition  of  the  soil  suit¬ 
able  for  placing  in  the  first  layer  of  the  filter;  1 — soil  suitable 
for  placing  in  the  first  layer  of  the  filter  ( upper  limit 

of  the  "zone");  2 — soil,  suitable  for  placing ^in  the  first  layer  of 
the  filter  with  ;  a — area  of  permissible  sizes  of  fine 

fractions  D/<D^pr  (10%)  in  the  composition  of  the  filter  (from 
•0.005  to  D^g  mm). 

i)  Fine  fractions  in  the  composition  of  the  first  layer  of  the  filter  in  an 
amount  of  10%  (by  weight)  with  a  diameter  D < Dio*' 7may  be  of  any  size,  less 
than  1>iq-  7  for  example,  from  0.005  nnn  to  Djo/"‘‘CT)»  see  area  a.  Fig.  6. 

j)  The  coefficient  of  filtration  of  the  estimated  composition  of  the  soil 
of  the  filter  of  the  transitional  zone  (curve  <f>)  may  be  determined  from  the 
formula  [1]  of  M.  Pavchin: 

K*  A  (28) 


-(1/cm*  sec) ; 


<p,  is  the  coefficient,  taking  into  consideration 


the  shape  and  roughness  of  the  particles  of  soil;  according  to  the  data  of 
G.Kh.  Pravednyy  it  is  recommended  that:  for  sand-gravel  soils,  *1;  for 
rubble  soils,  f/  =0.35-0.40;  v  is  the  kinematic  coefficient  of  viscosity  of 
the  water,  in  cm^/sec;  ,  in  cm;  or  from  the  formula  of  A.N.  Patrashev 


(28’) 


where  g=981  cm/sec^ — the  acceleration  of  the  force  of  gravity;  D0(cm)  is  the 
diameter  of  the  seepage  pores,  and  is  determined  from  the  relationship  (42). 


28 


Section  16.  Checking  the  piping  strength  of  the  granulometric  composition 
of  the  soil  of  the  first  layer  of  the  filter,  a)  If  the  granulometric  com¬ 
position  of  the  soil  of  the  first  layer  of  the  filter  is  piping  soil,  the 
given  composition  of  the  soil  should  be  checked  for  resistance  to  erosion 
of  the  contact  zone  by  a  longitudinal  seepage  flow,  since  if  a  considerable 
number  of  fine  particles  are  removed  from  it,  its  strength  and  stability 
may  be  disturbed,  which  is  inadmissible. 


b)  With  longitudinal  seepage  (i.e.,  with  the  runoff  of  water  along  the  con¬ 
tact  of  the  cohesive  soil  and  the  first  layer  of  the  filter  ,  Fig.  3) ,  the 
granulometric  composition  of  the  soil  of  the  first  layer  of  the  filter  should 
be  considered  as  piping-resistant,  if  the  following  condition  is  fulfilled: 


0,0032  sin  «  • | 

rfd-'  . 


W  Vn,IKi 

?0'=  0,30  (1,-1)/*, 

/,  =  0,82  — 1,8«|  +  0,0062  ft,  —  5), 


(29) 

(30) 

(31) 


dc;  is  the  size  of  the  piping  particles  in  the  composition  of  the  soil  of  the 
first  layer  of  the  filter  which  may  be  removed  by  longitudinal  seepage  flow 
from  the  contact  zone;  «  is  the  angle  of  incline  of  the  downstream  slope  of 
the  core  toward  the  level.  Fig.  3;  the  porosity  of  the  soil  of  the 

first  layer  of  the  filter  (in  fractions  of  a  unit) ;  fa  is  the  coefficient  of 
variation  in  granular  size  of  the  first  layer  of  the  filter;  is  the  coef¬ 
ficient  of  seepage  of  the  first  layer  of  the  filter;  is  the  volume  weight, 
Y  =  A (1-n) ,  A  =2.60-2.65  g/cm  . 

If,  however,  condition  (29)  is  not  satisfied,  then  an  additional  check  must 
be  made,  as  the  result  of  which  the  conclusive  decision  is  made  on  the 
suitability  or  unsuitability  of  the  planned  or  selected  granulometric  compo¬ 
sition  of  the  soil  of  the  first  layer  of  the  filter  or  a  new  granulometric 
composition  is  designated  for  it. 

c)  An  additional  check  is  made  if  when  planning  or  selecting  the  granulo¬ 
metric  composition  of  the  soil  of  the  first  layer  of  the  filter,  the  basic 
condition  (19)  is  obtained  with  a  reserve,  i.e.,  dT'  is  not  equal,  but  is 
greater  than  DjjjJ8*  (D^t?  >  D®ax). 

In  this  case  the  following  check  should  be  made.  We  will  assume  that  all  the 
fine  particles,  the  size  of  which,  dc; ,  is  determined  from  the  relationship 
(29) ,  are  removed  from  the  planned  or  selected  granulometric  composition  of 
the  soil  of  the  first  layer  of  the  filter. 

Assuming,  taking  into  consideration  the  removed  particles,  dc/ ,  the  new 
granulometric  composition  of  the  first  layer  of  the  filter  to  be  100Z  with 
D’ain“dc/,  we  plot  the  curve  of  its  granulometric  composition  (curve  2, 
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Fig.  7).  From  Che  curve  2  obtained  we  take  the  values  D'i7  and  7?  ,  and 
from  the  relationship  (24)  we  determine  the  porosity  n*J>  .  From  the  param¬ 
eters  obtained  from  the  relationship  (3)  we  determine  Dj™3*. 

If  it  turns  out  that  i)£*cr  ,  the  initial  granulometric  composition  of 

the  soil  of  the  first  layer  of  the  filter  (Fig.  7,  curve  1),  obtained  from 
condition  (19),  should  be  considered  as  suitable. 

If,  however,  it  turns  out  that  condition  (19)  is  not  satisfied,  a  new  granu¬ 
lometric  composition  of  the  soil  of  the  first  layer  of  the  filter  should  be 
designated  (see  below,  section  d.). 
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Figure  7.  Selection  of  the  Granulometric  Composition  of  the  Soil  of  the 
First  Layer  of  the  Filter  of  Transitional  Zones 

f~ — cohesive  (clay)  soil,  protected  by  the  filter;  1 — estimated 
granulometric  composition  of  the  soil  of  the  first  layer  of  the 
filter;  2 — granulometric  composition  of  the  soil  of  the  first  layer 
of  the  filter,  from  which  all  the  particles  with  a  size  of  less 
than  dc/  are  removed;  3 — new  composition  obtained  for  the  first 
layer  of  the  filter  from  the  condition  dc/=D"^y  (with  the  drop  of 
the  coarse  fractions  >  D,,,nax).  a — particle  content,  in  %. 

d)  The  new  granulometric  composition  of  the  soil  of  the  first  layer  of  the 
filter  is  designated  from  the  condition  that  dc,  =Djj"  (Fig.  7,  curve  3). 
Knowing  D17"  from  the  relationships  (25),  (26)  and  (27),  the  fractions  D^q, 
D17,  d60  and  D^qq  are  determined.  From  the  sizes  of  the  fractions  D^q> 
d17’  d60  an<*  D100  obtained,  a  new  curve  is  plotted  for  the  granulometric 
composition  of  the  soil,  which  should  be  taken  as  the  estimated  granulometric 
composition  of  the  first  layer  of  the  filter.  This  composition  of  the  filter 
will  satisfy  the  basic  conditions  (19) ,  (20)  and  (29). 

Section  17.  The  condition  of  self-healing  of  cracks  in  the  core  (facing)  of 
high  dams,  a)  In  high  and  superhigh  dams  with  thin  cores  (facings,  located 


<■>*»»* 


in  a  narrow  canyon  with  steep  slopes,  as  the  result  of  great  and  uneven 
deformations  and  variation  in  settling,  as  well  as  seismic  phenomena,  in 
some  cases  individual  local  cracks  may  form,  which  are  undesirable,  especi¬ 
ally  at  the  downstream  edge  of  the  core  at  the  contact  with  the  reverse 
filter  of  the  transitional  zone,  as  shown  in  Fig.  8. 

b)  In  such  cases,  to  prevent  the  contact  zone  of  the  cohesive  soil  of  the 
core  (facing)  of  the  dam  from  being  eroded  by  the  seepage  flow  emerging 
along  the  ^rack  in  the  filter  layer,  the  filter  of  the  transitional  zone 
should  be  planned  and  arranged  with  a  granulometric  composition  that  will 
keep  the  clumps  of  cohesive  soil  or  individual  particles  of  it  removed  by 
the  seepage  flow  from  passing  through  the  filter  layer,  and  would  silt  it 
in  the  area  of  the  crack  (Fig.  8),  and  would  therefore  create  the  conditions 
for  the  healing  of  the  crack  itself. 


Figure  8.  Diagram  of  the  Healing  of  Cracks  in  the  Core  of  a  Dam 

1 — core  of  the  dam;  2 — transitional  zone  (filter) ;  3 — triangle  of 
the  dam;  4 — crack  in  the  core  of  the  dam;  5 — silting  area  in  the 
filter  (transitional  zone). 

c)  Consequently,  the  planned  or  selected  granulometric  composition  of  the 
first  layer  of  the  filter,  satisfying  in  these  cases  the  requirements  made 
of  the  filters  of  transitional  zones  of  high  and  superhlgh  dams,  should  be 
chekced  for  the  silting  tendency  condition. 

d)  If  the  given  planned  or  selected  granulometric  composition  of  the  filter 
may  be  silted  by  the  fine  particles  removed  from  the  crack  of  the  core 
(facing)  of  the  dam,  this  composition  of  the  filter  should  be  regarded  as 
satisfying  the  given  condition. 

e)  If  the  given  condition  is  not  satisfied,  the  planned  or  selected  composi¬ 
tion  of  the  filter  should  be  changed,  so  that  the  new  composition  obtained 
will  satisfy  the  silting  tendency  condition. 

f)  The  condition  of  the  silting  tendency  (healing  of  the  cracks)  will  be 
fulfilled  if  the  planned  composition  of  the  first  layer  of  the  filter  satis¬ 
fies  the  following  criterion  of  silting  tendency: 
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where  D^y  is  the  diameter  of  the  particles  of  the  soil  of  the  reverse  filter, 
with  less  than  17%  by  weight  contained  in  it;  n<f>  is  the  porosity  of  the  soil 
of  the  reverse  filter,  in  fractions  of  a  unit;  is  the  coefficient  of 
variation  in  granular  size  of  the  soil  of  the  reverse  filter;  dgg  is  the 
diameter  of  the  particles  of  the  soil  of  the  core  of  the  dam  silting  the 
first  layer  of  the  filter,  with  less  than  90%  by  weight  contained  in  it; 
dgQSsdyg f  or  d90~(0*2“0*l)d9o/’  »  where  and  dg'g/3  are  the  size  of  the 

aggregate  compositions  of  the  clay  soil  with  its  erosion  (with  the  coeffici¬ 
ent  0.2  corresponding  to  the  soil  with  a  plasticity  number  of  11=5-10,  and 

0.1-HP>10). 

If  in  the  inequality  (32),  instead  of  dgg,  its  mean  va^.ue  is  substituted, 
expressed  by  the  aggregate  quality  ,  i.e.,  dgg#  O.lSdggT  the  condition  of 
the  silting  tendency  of  the  first  layer  of  the  filter  by  the  aggregates  of 
cohesive  soil  will  have  the  following  form. 


A;  ■  4  (1—  «,),) 

where  the  letter  symbols  are  the  same  as  in  (32) . 


(32') 


g)  If  condition  (32)  is  not  satisfied,  there  should  be  a  change  in  the 
planned  (selected)  granulometric  composition  of  the  filter,  taking  for  the 
estimated  size  the  diameter  of  the  fraction  from  the  relationship  (32) , 
i.e. 

26>5(U— a*)  .  /oo\ 

A  - sr= — rf»o-  . 

/  ■'4 

The  remaining  sizes  of  the  basic  estimated  fractions  of  the  curve  of  the 
granulometric  composition  of  the  filter  D,g,  Dgg  and  D^gg  are  determined 
from  the  relationships  (25),  (26)  and  (27). 

The  new  granulometric  composition  of  the  first  layer  of  the  filter  obtained 
in  this  way  will  satisfy  the  condition  of  the  silting  tendency,  and  conse¬ 
quently,  of  the  healing  ability  of  the  cracks. 

The  estimated  curve  of  granulometric  composition  obtained  should  be  taken  as 
the  lower  limit  (Fig.  6,  curved)  of  the  "zone  of  permissible  granulometric 
composition  of  the  soil,  suitable  for  placing  in  the  first  layer  of  the 
filter." 

Note.  The  data  from  section  17  are  Included  in  these  directives  as  the 
solution  to  the  problem  posed  of  the  possibility  of  cracks  forming  in  the 
core  of  the  dam  (which  is  improbable,  especially  through  cracks),  and,  if 
they  do  form,  the  measures  to  be  stipulated  for  their  self-healing. 


Planning  or  selecting  the  composition  of  the  first  layer  of  the  filter  from 
the  condition  of  its  tendency  to  silt  due  to  cohesive  soil  in  the  core, 
with  its  erosion,  gives  a  considerable  reserve  of  strength  and  reliability 
for  the  core  (facing)  of  the  dam  protected  by  it. 

2.  Planning  the  Granulometric  Composition  of  the  First  Layer  of  the  Filter 
for  the  Upstream  Slope  of  the  Core  of  a  Dam 

Section  18.  General  instructions.  It  is  recommended  that  the  granulometric 
composition  of  the  first  layer  of  the  filter  of  the  transitional  zone  for  the 
core  of  a  dam  on  the  upstream  side,  as  indicated  in  section  12,  be  planned 
for  two  sections  along  the  height  of  the  core,  i.e.,  for  two  different  work 
regimes  for  the  filters  [18]. 

First  section — from  the  NPU  level  to  the  UMO  level  (Fig.  4) . 

1.  In  this  section  of  the  core  of  the  dam,  the  seepage  characteristics  may 
correspond  to  the  seepage  characteristics  of  the  downstream  slope  of  the 
core  when  the  reduction  in  the  water  level  in  the  headwater  takes  place  more 
rapidly  than  the  water  yield  of  the  soil  of  the  core  of  the  dam. 

In  this  case  the  granulometric  composition  of  the  first  layer  of  the  filter 
for  the  upstream  side  of  the  core  should  satisfy  all  the  conditions  which 
are  imposed  for  the  first  layer  of  the  filter  for  the  downstream  slope  of 
the  dam. 

Taking  into  consideration  this  condition,  the  granulometric  composition  of 
the  transitional  zone  at  the  given  upstream  section  of  the  core  (from  yNPU  to 
V  UMO)  should  be  planned  or  selected  (or  taken  by  analogy)  as  for  the  down¬ 
stream  slope  of  the  core  of  the  dam,  according  to  the  method  given  in  sec¬ 
tions  13-16. 

2.  With  a  constant  water  level  in  the  reservoir  (in  the  headwater),  or 
with  the  appropriate  substantiation,  that  with  a  reduction  in  the  water  level 
in  the  reservoir  the  seepage  waters  will  not  ooze  onto  the  upstream  slope 

of  the  core,  the  granulometric  composition  of  the  first  layer  of  the  filter 
may  in  this  case  be  planned  or  selected  as  for  the  second  section  of  the 
core  of  the  dam  from  the  UMO  level  to  its  foundation,  by  the  method  given 
below  in  section  19. 

3.  When  there  is  coarse  rubble  material  in  the  upstream  triangle  of  the  dam, 
however,  the  possibility  should  be  considered  of  the  penetration  and  effect 
of  the  pulsation  of  the  water  (from  the  rise  and  fall  of  the  waves)  on  the 
transitional  zone. 

In  such  cases  appropriate  protective  measures  should  be  stipulated  at  the 
section  of  the  upstream  slope  of  the  core  at  the  height  of  the  rise  and 
fall  of  the  waves  (filter  of  nonpiping  composition,  two-layer  filter,  etc.). 
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Second  section — from  the  UMO  level  to  the  level  of  the  foundation  of  the  core 
(Fig.  4). 

In  the  operational  period  a  so-called  "dead  zone"  is  formed  at  this  section, 
hwere  there  is  no  fluctuation  in  the  water  level,  and  the  transitional  zone 
operates  on  the  principle  of  a  "direct"  filter,  i.e.,  the  direction  of  the 
seepage  is  not  from  the  fine  soil  to  the  coarse  ("reverse"  filter),  but 
vice-versa — from  the  coarse  soil  to  the  fine. 

In  this  case,  as  indicated  in  section  12,  the  seepage  flow,  acting  on  the 
soil  of  the  core,  has  a  positive  effect  on  the  strength  of  the  material  of 
the  core.  The  operating  conditions  of  the  transitional  zone  at  this  section 
are  the  most  favorable,  as  compared  with  the  downstream  slope.  Therefore  the 
requirements  for  designating  the  transitional  zone  and  for  its  granulometric 
composition  should  be  different,  and  minimized  (the  oozing  of  the  seepage 
flow  to  the  slope,  breaking  away  or  separation  of  the  material  of  the  core 
in  the  pores  of  the  filter  and  contact  erosion  are  eliminated). 

Section  19.  Planning  (selecting)  the  granulometric  composition  of  the  first 
layer  of  the  filter  of  the  transitional  zone  for  the  upstream  slope  of  the 
core  at  the  section  from  the  UMO  level  to  its  foundation  [18].  a)  The  pro¬ 
tected  soil  of  the  core  of  the  dam  should  be  cohesive  and  satisfy  the  require¬ 
ments  given  in  section  7,  paragraph  3,  i.e.,  W#>7,  with  the  fluctuation  in 
the  moisture  content  W  in  the  plasticity  range: 

Wr>W^Wp 

where  Wr  is  the  flowability  limit;  is  the  limit  of  rolling  out  of  the  soil. 

b)  The  minimal  volume  weight  of  the  frame  of  the  cohesive  soil  YC)C  of  the 
core  of  the  dam,  at  its  placement,  should  be: 

7^  Yc k  ' 

where  ‘yC*  '  is  taken  from  the  relationship  (1). 

c)  The  estimated  pressure  gradient  for  the  upstream  section  of  the  core  of 
the  dam  (if  the  seepage  flow  does  not  ooze  onto  the  slope)  should  be  taken  as: 

Ir=o 

d)  The  estimated  diameter  of  the  seepage  pores  of  the  material  of  the  first 
layer  of  the  filter  for  the  given  upstream  section  of  the  core  of  the  dam  may 
be  determined  from  the  relationship  (18),  with-^O  cos  9=1,  we  obtain: 

D!”'  -  V® S  -  V-sw -  «"» “  -  5-“  "• 

e)  For  high  dams  with  a  pressure  head  of  H^lOO  m,  with  the  installation  of 
a  single-layer  transitional  zone  and  with  its  juncture  with  the  rock  fill  of 
the  upstream  triangle  of  the  dam,  it  is  recommended  that  the  safety  factor  of 
k3“1.25  be  introduced.  Then  the  estimated  size  of  the  seepage  pores  of  the 
material  of  the  upstream  transitional  zone  of  the  core,  at  the  section  from 
the  UMO  level  to  its  foundation  should  be  assumed: 

D^ct  =4.65  mm 


34 


£)  To  ensure  the  seepage  strength  and  stability  of  the  upstream  slope  of 
the  core  of  the  dam  at  the  section  from  the  UMO  level  to  its  foundation, 
the  maximal  diameter  of  the  seepage  pores  (D®ax)  of  the  first  layer  of  the 
filter  of  the  transitional  zone  should  be: 

DJia>:<Dca  1  =4.65  mm 

where  D®3*  is  determined  from  the  relationship  (3) . 

g)  Determination  of  the  estimated  sizes  of  the  fractions  (Djo»  Dl7*  Dgg* 
D100)  of  the  given  composition  of  the  soil  and  plotting  the  "zone  of  per¬ 
missible  granulometric  composition  of  the  soil  suitable  for  placement  in 
the  first  layer  of  the  filter"  are  carried  out  in  accordance  with  the  method 
given  in  section  15. 


h)  According  to  tHe  hydrodynamic  conditions  at  the  given  section  of  the  up¬ 
stream  slope  of  the  core  of  the  dam  (from  the  UMO  level  to  its  foundation) , 
a  sand-gravel  soil,  of  both  nonpiping  and  piping  composition  (any  degree  of 
piping)  may  be  laid,  if  its  composition  satisfies  the  basic  condition  (19) . 

Section  20.  Planning  (selecting)  the  granulometric  composition  of  the  soil 
of  the  first  layer  of  the  filter  of  the  transitional  zones  of  the  facing  of 
the  dam.  It  is  recommended  that,  for  the  facing  of  the  dam,  constructed 
from  cohesive  (clay)  soil,  the  physical  characteristics  of  which  satisfy  the 
requirements  set  forth  in  section  7,  paragraph  3  of  these  directives,  the 
planning  (selection)  of  the  granulometric  composition  of  the  soil  of  the 
first  layer  of  the  filter  of  the  transitional  zones,  depending  on  the  hydro- 
dynamic  conditions  of  their  operation,  be  carried  out  separately,  for  both 
the  downstream  side  of  the  facing  and  the  upstream  side  of  the  facing. 

1.  Planning  (Selecting)  the  Granulometric  Composition  of  the  Soil  of  the 
First  Layer  of  the  Filter  of  the  Transitional  Zone  for  the  Downstream 
Side  of  the  Facing. 


a)  Determining  the  estimated  size  of  the  diameter  of  the  seepage  pores  of 
the  first  layer  of  the  filter.  When  the  breaking  away  or  separation  of 
clumps  of  particles  of  cohesive  soil  at  the  contact  with  the  soil  of  the 
first  layer  of  the  filter  is  inadmissible,  the  estimated  size  of  the  diameter 
of  the  seepage  pores  of  the  material  of  the  first  layer  of  the  filter  should 
be  determined  according  to  the  relationship  (18')* 


=V; 


0,34 
<p/p+  1’ 


where  <f  is  taken  from  the  table,  ) ;  Zp  is  determined  from  the  formula 

(14)  or  (14'),  depending  on  the  material  of  the  triangle  of  the  dam  (sect.  11, 
paragraph  4)  Fig.  9. 


b)  In  order  to  avoid  the  separation  of  the  cohesive  (clay)  soil  of  the  facing 
at  the  contact  with  the  material  of  the  first  layer  of  the  filter  (or  deforma¬ 
tion),  the  basic  condition  should  be  satisfied  (19): 

_  />!?*"  <  Dff*' , 

* 

See  section  13,  b. 
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where  Dj13*  is  the  maximal  size  of  the  seepage  pores  of  the  first  layer  of  the 
filter,  and  is  determined  from  the  relationship  (3). 

c)  The  estimated  dimensions  of  the  fractions  is  determined  and  the  "zone  of 
granulometric  soil  suitable  for  placing  in  the  first  layer  of  the  filter" 

is  plotted  according  to  the  method  given  in  section  15. 

d)  The  planned  or  selected  granulometric  composition  of  the  first  layer  of 
the  filter  should  be  checked  for  the  "condition  of  self-healing  of  cracks" 
in  the  facing  in  accordance  with  the  criterion  (32),  section  17. 

e)  If  condition  (32)  is  not  satisfied,  the  planned  (selected)  composition 

of  the  soil  of  the  first  layer  of  the  filter  should  be  changed,  in  accordance 
with  the  recommendations  given  in  section  17,  paragraph  g) . 

2.  Planning  (Selecting)  the  Granulometric  Composition  of  the  Soil  of  the 
First  Layer  of  the  Filter  of  the  Transitional  Zone  for  the  Upstream 
Side  of  the  Facing  of  the  Dam 

The  granulometric  composition  of  the  first  layer  of  the  filter  of  the  trans¬ 
itional  zone  for  the  protection  of  the  upstream  side  of  the  facing  (depending 
on  the  hydrodynamic  conditions  of  the  operation  of  the  transitional  zone) 
should  be  planned  (selected)  as  for  the  core  of  the  dam  (section  18),  for  two 
sections  along  the  height — for  two  different  operational  conditions  of  the 
filters. 

First  section — protecting  the  facing  at  the  section  where  the  water  level  of 
the  reservoir  fluctuates  from  the  NPU  level  to  the  UMO  level  (Fig.  9),  when 
the  seepage  waters  ooze  onto  the  upstream  slope  of  the  facing,  with  a  reduc¬ 
tion  of  the  water  level  in  the  headwater,  taking  into  consideration  the  ef¬ 
fect  of  the  wave  action  on  the  transitional  zone: 

1)  With  a  coarse-grained  (sand-pebble  or  rubble)  overburden  on  the  upstream 
side  of  the  facing; 

2)  With  a  coarse  rubble  overburden. 

a)  Determination  of  the  estimated  size  of  the  diameter  of  the  seepage  pores 
of  the  soil  ( D^1  )  of  the  first  layer  of  the  filter. 

When  it  is  inadmissible  for  clumps  of  particles  of  cohesive  soil  to  break 
away  or  separate  at  the  contact  with  the  first  layer  of  the  filter,  the 
relationship  (18')*should  be  used  to  determine  D/“c* 

DR*C'' ...  l/O'M 

v  ?/,,  i  r 

where  tp  is  taken  from  the  table  (p^);  jfo  is  determined  from  formula  (15),  i.e. 
* 

See  section  13,  b. 
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where  (bD  is  the  angle  of  incline  of  the  upstream  slope  of  the  facing  toward  the 
level  (Fig.  9). 


i 


Figure  9.  Dam  with  Facing  and  Blanket 

1 — embankment  of  the  dam;  2 — facing;  3 — blanket;  4 — transitional 
zones  (filters);  5 — protective  layer;  z — pressure  head  at  the  A-B 
section;  z’ — pressure  head  at  the  section  of  the  facing  where  the 
curve  of  depression  adjoins  the  embankment  of  the  dam  made  of  sand- 
gravel-pebble  soil;  D™  — maximal  size  of  the  seepage  pores  of  the 
soil  of  the  foundation  of  the  dam. 

b)  The  composition  of  the  first  layer  of  the  filter  obtained,  with 
should  be  checked  for  suitability  with  respect  to  ensuring  the  strength  of 
the  cohesive  soil  of  the  upstream  slope  of  the  facing,  with  contact  seepage, 
according  to  the  condition  (20),  i.e. 

^<0.751^? 

Moreover,  for  fine-grained  overload  on  the  upstream  side  of  the  facing,  1^, 
under  the  condition  (20),  we  assume: 

1^=8  in  Pi,* 

where  is  the  same  as  in  formula  (15) . 

For  a  coarse  rubble  overburden  of  the  facing  (if  the  wave  action  affects  the 
transitional  zone) ,  the  condition  (20)  will  have  the  following  form: 

/„  <  0,75/«p,  (34) 

where  Iff  is  assumed  according  to  the  relationship  (16);  I** — according  to  the 
relationship  (21),  having  assumed  D'J3*  =  D^*  . 

c)  If  the  condition  (20)  or  (34)  is  not  satisfied,  formula  (22)  should  be 

used  to  find  the  new  value  of  . 

Then  formula  (22)  may  have  two  values: 

1)  For  a  fine  overburden  of  the  facing 


*  See  formula  (17) 


V  *tr  r  i. 
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(22a) 


or*c 


(KS6 

777+W  (eM>' 


where  1^  is  assumed  from  the  relationship  (17); 

2)  For  a  coarse  rubble  overburden,  i.e.,  taking  into  consideration  the  effect 
of  the  wave  action  on  the  transitional  zone: 


£>«•« 


0,56 

7/7+W  (eM)- 


where  In=k„IK,  see  the  relationship  (16). 


(22b) 


The  value  of  D®ax  obtained  from  the  condition  (22a)  or  (22b)  is  taken  as  the 
estimated,  i.e.,  d£*°  if  condition  (20)  or  (34)  is  not  satisfied. 

d)  The  estimated  sizes  of  the  fractions  (D^o*  D17,  D^q,  D100)  of  the  given 
composition  of  the  soil  are  determined  and  the  "zone  of  granulometric  compo¬ 
sition  of  the  soil  suitable  for  placement  in  the  first  layer  of  the  filter" 
is  plotted  according  to  the  method  shown  in  section  15. 


Second  section — protection  of  the  facing  at  the  section  from  the  UMO  level  to 
its  foundation  and  when  the  water  level  in  the  reservoir  is  constant,  and 
also  when  the  seepage  waters  do  not  ooze  onto  the  upstream  slope  of  the  fac¬ 
ing,  with  a  reduction  of  the  water  level  in  the  reservoir  (with  the  proper 
justification) . 

a)  In  this  case,  the  method  of  planning  (selecting)  the  granulometric  com¬ 
position  of  the  soil  of  the  first  layer  of  the  filter  for  the  upstream  slope 
of  the  facing  corresponds  totally  to  the  method  of  planning  (selecting)  the 
granulometric  composition  of  the  first  layer  of  the  filter  for  the  upstream 
side  of  the  core  of  the  dam  at  the  section  from  the  UMO  level,  to  the  base 
of  the  core. 


b)  In  planning  (selecting)  the  granulometric  composition  of  the  soil  of  the 
first  layer  of  the  filter  for  the  upstream  side  of  the  facing,  the  method 
set  forth  in  sections  18  and  19  should  be  used: 

Section  21.  Planning  (selecting)  the  granulometric  composition  of  the  filter 
preparation  under  the  shoring  of  the  upstream  slopes  of  earth  dams  made  of 
cohesive  (clay)  soil.  When  planning  (selecting)  the  granulometric  composition 
of  the  filter  preparation  under  rock  and  under  reinforced  concrete  shoring  of 
the  upstream  slopes  (Fig.  10)  of  earth  dams,  constructed  from  cohesive  (clay) 
soils  with  a  plasticity  number  Wff>7  (for  structures  of  the  second  class  of 
durability  and  below,  Wn>5),  with  molecular  cohesion,  determined  from  the 
relationship  (1),  section  7,  the  following  conditions  should  serve  as  the 
basis: 


1)  The  granulometric  composition  of  the  filter  preparation,  for  the  up¬ 
stream  shorings  of  the  slopes  (for  protection  against  wave  action)  should 
be  practically  non-piping,  satisfying  the  relationship  (7)  or  (8); 
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Figure  10.  Planning  (Selecting)  the  Filter  Preparation  for  the  Shoring  of 
Upstream  Slopes 

1 —  embankment  of  the  dam  made  of  cohesive  soil  (with  W„>5-7); 

2 —  upstream  covering  of  the  slope  (rock  or  by  reinforced  concrete 
slabs);  3 — layer  of  the  filter  preparation;  4 — runup  of  the  waves; 

P>0 — angle  of  incline  of  the  upstream  slope  of  the  dam  toward  the 
level. 

2)  The  filter  preparation  should  give  reliable  protection  for  the  cohesive 
(clay)  soil  of  the  upstream  slope  of  the  dam,  from:  wave  actions,  erosion 
by  the  seepage  flow  of  the  water  flowing  out  of  the  embankment  of  the  dam, 
erosion  by  the  current,  etc. 

Note.  The  type  of  covering  of  the  upstream  slopes  for  protection  against  wave 
action  should  be  planned  or  chosen  in  accordance  with  the  existing  SNIP  [5] . 

a)  When  there  are  dynamic  loads  on  the  slope  of  the  dam,  pulsating  seepage 
in  the  layer  of  the  filter  preparation  (with  the  rise  and  fall  of  the  waves 
on  the  slope  of  the  dam) ,  a  variable  water  level  in  the  headwater  and  its 
possible  oozing  onto  the  upstream  slope  of  the  dam,  the  estimated  size  of  the 
diameter  of  the  seepage  pores  of  the  material  of  the  seepage  preparation 
(d£*c1  ),  is  recommended  as  being  determined  from  the  relationship  (18'): 


and  in  this  case  to  be  assumed  is  f-1,  I/>=tgfi0  »  where  fc  is  the  angle  of  in¬ 
cline  of  the  upstream  slope  toward  the  level  (Fig.  10). 

b)  To  avoid  separation  of  the  cohesive  (clay)  soil  in  the  zone  of  contact 
with  the  material  of  the  filter  preparation,  the  granulometric  composition 
of  the  material  of  the  filter  preparation  should  satisfy  the  basic  condition 
(19),  i.e. 


DT^r7 

where  Df3*  is  the  maximal  size  of  the  diameter  of  the  seepage  pores  of  the 
filter  preparation,  and  is  determined  from  the  relationship  (3). 
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c)  The  filter  preparation  will  afford  reliable  protection  against  contact 
erosion  of  the  slopes  of  the  dam  with  a  pulsating  regime  of  longitudinal 
seepage  (from  the  rise  and  fall  of  the  waves)  if  it  satisfies  the  condition 
(34): 

In  0.75/ip,  (34) 

where  ln  is  assumed  in  accordance  with  the  relationship  (16) ;  — according 

to  the  relationship  (21).  ' 

d)  If  condition  (34)  is  not  satisfied,  the  granulometric  composition  of  the 
filter  preparation  should  be  changed,  see  section  20,  2,  c. 

e)  The  material  of  the  filter  preparation  should  not  penetrate  the  pores  of 
the  rock  fill  (Df)  or  an  opened  crack  (b^  )  in  the  reinforced  concrete 
covering  (Fig.  10). 


This  condition  may  be  expressed  by  the  following  relationships: 


1)  For  the  rock  covering: 


A.  ^0.55 0*, 


(35) 


where  D50  is  the  estimated  size  of  the  fraction  of  the  filter  preparation 
(taken  in  accordance  with  the  curve  of  the  granulometric  composition  of  the 


material  of  the  filter  preparation);  D**  is  determined  from  the  relationship 
(42): 

Ds o  >  0,55*m.  (36) 


If  the  estimated  size  of  the  fraction  of  the  material  of  the  filter  prepara¬ 
tion  D5Q  does  not  satisfy  the  relationship  (35)  or  (36),  the  value  of  the 
coefficient  of  variation  in  granular  size,  t)*  ,  of  the  filter  preparation 
must  be  changed  toward  an  increase  (within  the  limits  up  to  fy  -£  25  for 
rubble  soils  and  up  to  ^  ^  20  for  sand-gravel  soils),  i.e.,  a  more  varied 
granular  composition  is  designated  for  the  material  of  the  soil  of  the  filter 
preparation. 

If  even  in  this  case  the  relationship  (35)  or  (36)  is  not  satisfied,  this 
indicates  that  an  intermediate  layer  made  of  finer  rock  should  be  placed 
between  the  rock  covering  and  the  layer  of  the  filter  preparation.  The 
granulometric  composition  of  the  intermediate  layer  should  be  such  as  to 
satisfy  the  condition  (35)  or  (36) . 

By  observing  the  above  requirements  for  planning  the  composition  of  the 
filter  preparation,  a  reliable  protection  is  ensured  for  the  slope  of  the 
dam  and  the  filter  preparation  Itself  against  the  wave  action  on  the  slopes. 

Example  of  Planning  a  Filter  Preparation 

The  granulometric  composition  of  the  soil  of  the  filter  preparation  for  the 
upstream  covering  of  the  slope  (rock  or  with  reinforced  concrete  slabs)  must 
be  planned  for  loamy  soil  of  the  embankment  of  an  earth  dam  (Fig.  10). 
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Estimating  Procedure 


To  plan  the  granulometric  composition  of  the  filter  preparation,  the  physical 
characteristics  of  the  (protected)  cohesive  soil  of  the  dam  embankment  must 
be  known. 


a)  Material  of  the  dam  embankment — loam,  with  the  basic  parameters  (see 
section  25) : 


Clay  particles  in  its  composition  d<"0.005  mm — 15%; 


Plasticity  number  W„=13.98>7; 


Coefficient  of  water  saturation  G=0.85; 

Specific  gravity  of  the  particles  A=2. 70  g/cm3;  yc(<  =1.65-1.68  g/cm3. 


b)  The  volume  weight  of  the  dry  soil  ("frame")  of  the  loam,  when  it  is  placed 
in  the  embankment  of  the  dam  at  the  contact  with  the  filter  preparation, 
according  to  the  relationship  (1),  should  be: 

,  •  ^ 

V*  >  t  CK  =  1  ,T 


withA=2.70  g/cm3, 
is  equal  to: 


£r — the  coefficient  of  porosity  (at  the  flowability  limit) 


100. T, 


2,70.36,46 
l0O~l — 


=  0,06. 


After  substituting  the  values  we  obtain 

2,70 

7  ck  —  |  TjT  o,06  ~  '•*  i/t*-'- 

According  to  the  plan  the  volume  weight  of  the  soil  placed  in  the  dam  embank¬ 
ment  will  have  y *  =1 . 65-1 . 68  g/cm3.  Consequently,  the  soil  of  the  embankment 
of  the  dam  will  be  cohesive,  with  molecular  cohesion,  and  all  the  estimates 
for  planning  the  composition  of  the  filter  preparation  should  be  made  as  for 
cohesive  soil. 


c)  When  there  are  dynamic  loads  on  the  upstream  slope  of  the  dam  and  there 
must  be  no  separation  of  the  cohesive  soil  of  the  embankment  of  the  dam  (in 
the  pores)  at  the  contact  with  the  filter  preparation,  the  estimated  size  of 
the  diameter  of  the  seepage  pores  and  the  material  of  the  filter  preparation 
should  be  determined  from  the  formula  (18');  the  estimated  pressure  gradient 
according  to  the  relationship  (15) ,  where  j}„  is  the  angle  of  incline  of  the 
upstream  slope  of  the  dam  toward  the  level  (Fig.  10). 


In  this  case  /3(*15°;  I  *tg$,=tg  15*«0;27. 

The  coefficient  of  the  pressure  gradient  is  -1. 
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After  substituting  the  values  in  (18'),  we  obtain: 

op"- 


Consequently,  in  order  to  avoid  the  separation  of  the  cohesive  soil  of  the 
embankment  of  the  dam  at  the  contact  with  the  material  of  the  filter  prepara¬ 
tion,  the  basic  condition  (19)  should  be  satisfied,  i.e. 

5.2  mm 

where  D?13*  is  the  maximal  size  of  the  diameter  of  the  seepage  pores  of  the 
material  of  the  filter  preparation. 

d)  The  filter  preparation  with  mm  should  give  reliable  protection 

against  contact  erosion  of  the  slope  of  the  dam,  with  pulsating  seepage 
(from  the  rise  and  fall  of  the  waves). 

This  condition  will  be  fulfilled  if  the  inequality  (34)  is  satisfied,  i.e. 

(34) 


In  this  case  (Fig.  10) ,  when  -15$  according  to  the  relationship  (16)  we 
determine 


I^-k,!*-!^  sin  15°-1. 35-0.26-0.35. 


The  value  of  is  determined  from  the  relationship  (21) : 


*«p 


-7=5=  -0.75  -  .A.-  -  0.75  -  0.64. 

Y  yoM 


After  substituting  the  values  in  (34),  we  obtain:  0.35<0.75  0.64,  i.e., 
0.35<0.48. 


Condition  (34)  is  satisfied.  Consequently,  the  given  composition  of  the  soil 
with  mm  may  be  taken  as  the  filter  preparation  for  the  rock  or 

reinforced  concrete  shorings  of  the  upstream  slopes  of  the  dam,  with  their 
protection  against  wave  action. 

e)  To  construct  the  curve  of  the  planned  nonpiping  granulometric  composition 
of  the  soil  of  the  filter  preparation,  with  the  estimated  size  of  the  seepage 
pores  D^*£<t-I^,ax-5.20  mm-0.52  cm,  the  method  shown  in  section  15  should  be 
used  (formulas  23,  24,  25,  26  and  27)  and  the  example  of  section  25,  para¬ 
graphs  f,  g,  h,  i,  j,  k. 

As  the  filter  preparation  for  this  example  we  assume  sand-gravel  soil  with 
the  coefficient  of  variation  in  granular  size  r)  -20.  The  porosity  —  r\j, 
of  this  soil  is  determined  from  the  relationship  (24) : 

=  «o  —  0,1  Ig  n*  --  0,40  —  0.1 1g  20  *  0,27. 
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1)  The  diameter  of  the  fractions  D17  is  determined  from  the  relationship  (23); 

dmv*  52  1-0,27 

D»  '  — ^ - -  “2  0, 75  ”0,27  =9*4*9-0  mm, 

*  =  1  +  0,05^  =  I  +0,05-20=  2; 

C  =  0,455^=0.455  '^20=0,75. 


2)  The  effective  diameter  of  the  fractions  of  the  filter  preparation  D^q  is 
determined  from  the  relationship  (25) : 

A 0  =  ID„  =0,64-9,0  =  5,8  mm; 

where  ^=20  from  the  graph,  Fig.  5,  i=0.64. 

3)  The  controlling  diameter  of  the  fractions  Dgg  is  determined  from  the 
relationship  (26) : 

A*  —  T,ij)Ao  —  20*5,8  =116  mm. 


4)  The  maximal  diameter  of  the  fractions  D^gg  is  determined  from  the 
formula  (27) 

Aoo=Ao+10r/)w  5.8+1^.116  *210  ^ 

*  =  1  +  1,28  lg  t„|,  =  1-  1,28  lg  20  =  2,67. 


From  the  values  obtained  for  the  sizes  of  the  fractions  D^g,  Djj,  D^g  and 
D100»  tlie  estimated  curve  of  the  granulometric  composition  of  the  filter 
preparation  isconstructed,  which  should  be  taken  as  the  lower  limit  of  the 
"reconmended  zone"  as  shown  in  Fig.  6,  curve  . 

The  "zone  of  permissible  granulometric  composition  of  the  soil  suitable  for 
placing  on  the  slope  of  the  dam  as  filter  preparation"  is  constructed  as 
shown  in  section  15,  paragraphs  e-j. 

f)  The  size  of  the  pores  (upstream  covering)  of  the  rock  fill  D*,y  or  the 
possible  permissible  covering  of  the  crack  ,  with  a  reinforced  concrete 
covering  of  the  upstream  slopes  of  the  dams  is  determined  from  the  rela¬ 
tionship  (35)  or  (36). 

For  the  given  estimate  example,  when  Djg«6  cm,  the  diameter  of  the  pores 
of  the  upstream  covering  made  of  rock  (or  the  possible  permissible  covering 
of  the  crack  of  reinforced  concrete  slabs  i^) : 

A!"  1.80;,#=  1*8-6=  108  c*. 

Here  the  minimal  thickness  of  the  layer  of  the  filter  preparation — Tmin 
(according  to  the  seepage  conditions)  should  be: 

.  ><#-  7)  A*.  (10) 


1  Tain ^75-100  cm* 
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From  the  estimates  made  it  follows  that  with  protection  (against  wave 
action)  of  the  slopes  of  earth  dams  constructed  from  cohesive  (clay)  soils, 
the  principal  role  in  protecting  the  slopes  against  separating  and  erosion 
is  played  by  the  filter  preparation,  the  granulometric  composition  of  which 
should  be  planned  according  to  the  above  method. 

Note.  If  run-of-bank  soils  are  available,  which  may  be  used  as  the  filter 
preparation,  the  selection  of  the  composition  of  the  filter  preparation  should 
be  made  as  indicated  in  section  26,  taking  into  consideration  the  estimated 
parameters  given  in  the  data  in  section  21. 

Section  22.  Determining  the  coefficient  of  seepage  of  loamy  soil.  When 
(with  prospecting  of  quarries,  seepage  estimates,  etc.)  the  coefficient  of 
seepage  of  loamy  soil  is  unknown,  it  may  be  determined  from  the  experimental 
relationship  given  below  [1,  11]: 


.  _  yx.  _ 

25v  (t 


rfii>  ( cmIcck ), 


where  ^=7-^  is  the  coefficient  of  variation  in  granular  size  of  the  loamy 
soil;  v  Is  the  kinematic  coefficient  of  the  viscosity  of  the  water  (cm^/sec); 
d ^  (mm)  is  the  size  of  the  particles  of  cohesive  soil,  contained  in  an 
amount  of  17%  and  less  by  weight;  n+  is  the  actual  porosity  of  the  cohesive 
soil  and  is  determined  according  to  the  relationship 

n$=--n—  WuftK,  (38) 

where  n  is  the  porosity,  corresponding  to  Y<*  the  volume  weight  (frame)  of  the 
dry  soil;  *  -i~$“  ;  %  is  the  maximal  molecular  moisture  capacity  of  the 
cohesive  soil  and  is  determined  by  the  micro-aggregate  method: 

WM  =  0.016A  4-  0.04B  +  0,1B  +  0,351",  (39) 

where  A,  B,  C  and  G  are  assumed  in  percents  depending  on  the  particles  d; 
A-d-0.5-0.25  mm;  b-d=0.25-0.05  mm;  C-d-0. 05-0. 005  mm;  G — d <0.005  mm 
(percents  A,  B,  C  and  D  are  taken  from  the  curve  of  the  granulometric  com¬ 
position  of  the  cohesive  soil) . 

Example.  To  be  determined  is  the  K  of  the  loamy  soil,  the  granulometric 
composition  of  which  is  given  in  Fig.  16,  and  for  the  basic  characteristics, 
see  section  25. 

icK  =1. 75  m/m3;  *-0.35;  ^ -126  d17-0.0065  mm;  v-0.013  cm2/sec  (when  t=10°C)  . 

From  the  chart  in  Fig.  16,  we  obtain: 

d-0.5-0.25  mm. ..A-8%,  d-0. 05-0. 005  mm  C=20%. 
d-0.25-0.05  mm...B-20%,  d^O.OOS  mm...  G-15%, 

After  substituting  the  values  in  the  relationship  (39),  (38)  and  (37) 
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Wu  0,016  8  +  0,04-20  +  0,1  -20  +  0s,35- 15  -  85%  =  0,082; 
«4,  =  0,-15  --  0,082- 1,75  -  0,207; 

t7  *26  O’ 207:1  0.0065=*  4 12  IQ-1  cm.'cck  * 

25-0,01.1  (1  —  0,207)*  lu 


Section  23.  The  juncture  of  the  transitional  zone  with  the  material  of  the 
Triangle  of  the  Dam 

1.  The  planned  or  selected  first  layer  of  the  filter  of  the  transitional 
zone  adjacent  to  the  cohesive  soil  of  the  core  (facing)  of  the  dam  should 
at  the  same  time  be  securely  joined  to  the  material  of  the  next,  second 
layer  of  the  transitional  zone  or  to  the  material  of  the  side  triangles  of 
the  dam. 

This  juncture  of  the  first  layer  of  the  filter  of  the  transitional  zone  may 
be  carried  out: 

a)  Directly,  with  material  of  the  triangles  of  the  dam,  which  may  be  con¬ 
structed  from  gravel-pebble  soil  or  from  rock  fill  (Figs.  11  and  12); 


Figure  11.  Juncture  of  a  Single-Layer  Transitional  Zone  With  the  Material 
of  the  Triangle  of  the  Dam 

a — simultaneous  construction  of  the  elements  of  the  dam,  1,  2  and  3; 
b — separate  construction  of  the  elements  of  the  dam,  1,  2  and  3; 

1 — core  of  the  dam;  2 — transitional  zone;  3 — side  triangle  of  the 
dam;  H — height  of  the  layer  of  depositing  the  triangle  of  the  dam; 
h=2  m — height  of  the  layer  with  "slot  fill" 

b)  With  the  soil  of  an  additional  second  layer  of  the  transitional  zone, 
which,  in  turn,  should  join  with  the  rock  fill  of  the  triangles  of  the  dam 
(Fig.  13); 

c)  With  material  of  the  triangles  of  the  dam  with  a  finer  granulometric  com¬ 
position,  which  may  be  obtained  from  the  same  quarry,  from  which  the  material 
is  extracted  for  the  triangles  of  the  dam,  but  with  the  selection  of  finer 
fractions  (in  this  case  the  contact  zone  should  be  3-5  m  in  width.  Fig.  14); 
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Figure  12.  Diagram  of  the  Juncture  of  a  Single-Layer  Transitional  Zone 
With  the  Triangle  and  Core  of  a  Dam,  Constructed  by  the 
"Method  of  Depositing  the  Soil  in  Water" 

a — core  constructed  slightly  after  the  transitional  zone;  b — core 
constructed  ahead  of  the  transitional  zone;  1 — core  of  the  dam; 

2 — transitional  zone;  3 — layer  or  levee  made  of  compacted  core 
material;  4 — pond;  a=3-5  m — zone  of  the  covering  by  the  first  layer 
of  the  filter  of  the  contact  of  the  core  with  the  foundation  of 
the  dam. 


Figure  13.  Juncture  of  a  Two-Layer  Transitional  Zone  With  the  Material 
of  the  Triangle  of  the  Dam 

I —  core  of  the  dam;  I — first  layer  of  the  transitional  zone; 

II —  second  layer  of  the  transitional  zone;  2 — material  of  the 
triangle  of  the  dam. 

d)  With  natural  run-of-bank  soil  (without  sifting  it),  which  may  be  used 
for  the  "slot  fill"  of  rockfill  dams,  if  its  use  is  technically  and  economi¬ 
cally  expedient  (Fig.  15,  a). 

Note.  When  the  filling  of  the  triangles  of  the  dam  made  of  material  with 
varied  granular  composition  is  done  with  a  layer  of  great  height  H,  it  should 
be  stipulated  that  in  the  lower  part  of  the  slope  of  the  deposit  (if  the 
material  separates  into  layers)  an  additional  covering  layer  be  placed,  with 


a  height  of  1/3  H  (Fig.  15,  b),  the  granulometric  composition  of  which  should 
correspond  to  the  estimated  curve  of  the  material  of  the  triangle  o£  the  dam. 


Figure  14.  Juncture  of  the  Transitional  Zone  With  the  Finer  Material  of 
the  Triangle  of  the  Dam 

1 — core  of  the  dam;  2 — transitional  zone;  3 — contact  zone  (3-5  m) 
made  of  finer  material  than  the  triangle  of  the  dam;  4 — triangle 
of  the  dam  made  of  ordinary  material 


Figure  15.  Juncture  of  the  Transitional  Zone  and  the  Run-of-Bank  Gravel- 
Pebble  Material  ("Slot  Fill")  and  With  the  Installation  of 
an  Additional  Layer,  Covering  the  Slope  at  the  Base  of  the 
Triangle  of  the  Dam 

1 — core  of  the  dam;  2 — transitional  zone;  3 — triangle  of  the  dam; 

4 —  natural  run-of-bank  gravel-pebble  soil,  used  for  "slot  fill"; 

5 —  additional  covering  layer,  installed  at  1/3  H  of  the  layer  of 
fill  of  the  triangle  of  the  dam  (if  the  material  of  the  triangle 
of  the  dam  separates) . 


2.  The  juncture  of  the  first  layer  of  the  filter  with  the  material  of  the 
triangle  of  the  dam  or  with  the  second  layer  of  the  transitional  zone  will 
be  ensured  if  the  condition  of  the  non-spilling  tendency  of  the  soil  of  the 
first  layer  of  the  filter  with  respect  to  the  second  layer,  or  the  material 
of  the  triangle  of  the  dam  is  satisfied  (triangles  constructed  of  gravel- 
pebble  soil  or  rock  fill). 


Under  practical  conditions  two  cases  may  be  encountered: 

First  case.  The  granulometric  composition  of  the  triangle  of  the  dam  or  the 
second  layer  of  the  filter  and  their  physical  characteristics  are  known. 

In  this  case  a  verification  is  made  of  the  juncture  of  the  first  (second) 
layer  of  the  filter  for  the  condition  of  its  not  having  a  tendency  to  spill 
into  the  given  specific  material  of  the  triangle  of  the  dam. 

Second  case.  The  granulometric  composition  and  the  physical  characteristics 
of  the  material  of  the  triangles  of  the  dam  are  unknown. 

In  this  case  the  granulometric  composition  of  the  material  of  the  triangle  of 
the  dam  which  satisfies  the  condition  of  a  lack  of  tendency  to  spill  should 
be  planned. 

When  using  the  planned  granulometric  composition  in  the  construction  area, 
the  appropriate  quarries  with  a  similar  composition  of  gravel-pebble  soil 
are  chosen,  or,  with  a  study  of  the  rock  of  the  quarries,  a  process 
should  be  worked  out  (blasting  operations)  which  would  ensure  the  given 
granulometric  composition  of  the  rock  fill. 

3.  Procedure  for  estimates.  A.  In  the  first  case  (when  the  granulometric 
composition  and  physical  characteristics  of  the  material  of  the  triangle  of 
the  dam  are  known) ,  a  check  is  made  of  the  lack  of  tendency  for  the  material 
of  the  first  (second)  layer  of  the  filter  to  spill  into  the  material  of  the 
triangle  of  the  dam,  in  accordance  with  the  following  relationship: 

n',\ 

.  7,r  (40) 

where  D [r  is  the  diameter  of  the  freely  forming  fractions  of  the  soil  of  the 
first  layer  of  the  filter. 


For  transitional  zones  which  have  very  thick  layers,  it  is  recommended  to 
assume  for  Dc'r  : 

•MH  pH-mr  (41) 


where  D50  pertains  to  the  lower  limit,  i.e.,  to  the  estimated  curve  Fig.  6, 
®75-80  the  average  diameter  of  the  pores  of  the  material  of  the  triangle 
of  the  dam;  it  is  determined  by  the  following  relationship: 


.  0,455  "y 


(42) 


where  \n  =  75J7  is  the  coefficient  of  variation  in  granular  composition  of  the 
material  of  the  triangle  of  the  dam  or  of  the  second  layer  of  the  filter; 
fin  Is  the  porosity  of  the  material  of  the  triangle  of  the  dam;  is  the 

diameter  of  the  fractions  of  the  material  of  the  triangle  of  the  aam,  in 
the  composition  of  which  17%  and  less  by  weight  of  the  fractions  is  contained. 
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If  condition  (40)  is  not  satisfied,  this  indicates  that  either  a  second 
layer  of  the  transitional  zone  is  required,  or  a  finer  composition  should 
be  designated  for  the  material  of  the  triangle  of  the  dam,  using  the  recom¬ 
mendations  given  in  paragraphs  c  and  d  of  this  item  (Fig.  14,  15). 

Note.  If  the  first  layer  adjoins  with  the  second,  and  the  second  layer  with 
the  triangle  of  the  dam,  the  check  for  the  lack  of  spilling  tendency  is  made 
according  to  the  method  given  above,  taking  into  consideration  the  data  of 
the  adjoining  materials. 

b.  In  the  second  case  (when  the  granulometric  composition  and  physical  charac¬ 
teristics  of  the  material  of  the  triangles  of  the  dam  are  unknown)  the  granu¬ 
lometric  composition  of  the  material  of  the  triangle  of  the  dam  should  be 
planned  from  the  condition  of  a  lack  of  tendency  in  it  to  spill  into  the 
material  of  the  first  (second)  layer  of  the  filter. 

In  this  case  the  procedure  for  the  estimate  is  as  follows: 

1)  From  condition  (40) ,  the  average  diameter  of  the  pores  of  the  material  of 
the  triangle  of  the  dam  is  determined 


A,"  .IK'D'!,  (43) 

2)  In  the  relationship  (42),  instead  of  ,  its  value  is  substituted  from 
(43)  and  the  diameter  of  the  fraction  of  the  material  of  the  triangles 
of  the  dam  is  determined: 


ry  i  _ : _ 

17  0,252  y 


1  -l”1!  r>\ 
nn 


The  letter  symbols  are  the  same  as  in  the  relationships  (42)-(43). 

3.  Then,  having  assigned  the  value  (section  9)  and  determined  the  value 
from  the  relationship  (24),  we  find  Djj  from  the  relationship  (44)  and  the 
estimated  values  of  the  fractions  D£g,  Dgg  and  D^gg  from  the  relationships 
(25) ,  (26)  and  (27) . 

4)  From  the  values  of  D^g,  °17»  ^60  and  Digg  obtained,  the  estimated  curve 
of  the  planned  granulometric  composition  of  the  material  of  the  triangle  of 
the  dam  is  plotted  on  the  graph.  The  estimated  curve  obtained  should  be  the 
lower  limit  of  the  "zone  of  permissible  granulometric  composition  of  the 
material  of  the  triangle  of  the  dam,"  i.e.,  the  granulometric  composition  of 
the  material  of  the  triangle  of  the  dam  in  the  zone  of  contact  (at  a  width 
of  3-5  m.  Fig.  14),  with  the  first  layer  of  the  filter  should  not  be  coarser 
than  the  estimated  curve. 


5)  The  "zone  of  permissible  granulometric  composition  of  the  material  of  the 
triangle  of  the  dam"  may  be  obtained  by  limiting  to  the  lower  and  upper  limits. 

In  this  case  the  estimated  curve  D^g,  Djj,  Dgg  and  D^gg  may  be  taken  for  the 
lower  limit  and  the  upper  limit  may  be  designated  beyond  the  limit  of  the 

n 

ratio  2jrrp  >2.5,  i.e.,  the  upper  limit  of  the  "zone"  may  be  brought  very 
close  to  the  lower  limit  of  the  "zone  of  the  first  layer  of  the  filter." 


Note.  Material  with  a  coarseness  different  from  the  estimated,  i.e.,  of  a 
coarser  composition  than  the  estimated  curve,  may  be  placed  outside  the 
limits  of  the  contact  zone  (Fig.  14)  in  the  remaining  part  of  the  triangle 
of  the  dam. 

Section  24.  Conditions  of  the  seepage-piping  strength  of  the  transitional 
zone  at  the  contact  with  the  material  of  the  triangle  of  the  dam.  When  the 
transitional  zones  are  planned,  the  problem  arises  of  the  strength  of  the 
transitional  zone  at  the  contact  with  the  material  of  the  triangle  of  the 
dam  (Fig.  13),  connected  with  hydraulic  deposit  of  the  material  when  the 
triangle  of  the  dam  is  constructed,  and  connected  with  precipitation,  in 
cases  of  storm  waters,  which  in  the  first  and  second  cases  may  penetrate  the 
embankment  of  the  dam.  There  will  be  no  water  runoff  along  the  contact  of 
the  transitional  zone  and  the  triangle  of  the  dam,  however,  under  practical 
conditions,  because  of  the  considerable  perviousness  of  the  material  of  the 
transitional  zone,  its  great  thickness  and  the  negligible  rate  of  the  water 
forming  the  flow  along  the  contact  (with  hydraulic  deposit  of  the  material 
of  the  triangle  of  the  dam,  and  when  there  are  storm  waters) . 

In  addition,  the  contact  zone  of  the  soil  of  the  transitional  zone  with  the 
material  of  the  triangle  of  the  dam  is  created  from  the  condition  of  the 
lack  of  a  tendency  to  spill,  with  the  formation  of^small  arches^ or  arch¬ 
shaped  particles  (section  23,  paragraph  3),  Der  <  D50  (or  DCr^D5o)  with  a 
size  such  that,  in  the  process  of  the  seepage,  the  stable  arches  made  of 
these  fractions  cannot  be  destroyed  by  the  seepage  flow  with  the  pressure 
gradients  occurring  at  the  site  (^  =  sin  •*-  ),  Fig.  3. 

If  water  runoff  along  the  contact  of  the  transitional  zone  with  the  material 
of  the  triangle  of  the  dam  is  permissible,  the  strength  and  stability  of  the 
contact  zone  may  be  checked  on  the  basis  of  the  following  condition:  the 
critical  pressure  gradient  at  which  the  arch-forming  fractions  may  be  re¬ 
moved,  Jljc  ,  D(>-<D5o  (or  DC/.^D^),  the  removal  of  which  disturbs  the  strength 
and  stability  of  the  contact  zone,  should  be  greater  than  or  equal  to  the 
actual  gradient  of  the  pressure  in  the  contact  zone  A  (Fig.  3),  i.e. 


V'- 


(45) 


The  critical  gradient  of  the  removal  of  the  arch-forming  particles  of  the 
soil  of  the  first  (second)  layer  of  the  filter  Dtr^D50  or  D<r^D5o  may  be 
determined  from  the  relationship  of  A.N.  Patrashev: 


/' 

*  K|l 


'  ‘K  >ii 


(46) 


'AT.,. 

0,:t0  <7„, .  1  )/*;  /*  -  0.82  -;,H  «.|,  ,•  0,0062 •( if, 5). 

where  Dc-  is  the  diameter  of  the  arch-forming  particles  of  the  soil  of  the 
transitional  zone,  in  contact  with  the  material  of  the  triangle  of  the  dam, 
in  cm;  ff  »  'V  »  A ?  (cm/sec) — respectively,  the  volume  weight,  porosity 
(in  fractions  of  a  unit),  coefficient  of  variation  in  granular  size  and 
coefficient  of  seepage  of  the  soil  of  the  transitional  zone,  in  contact  with 
the  material  of  the  dam  triangle;  **  is  determined  from  relationship  (13). 


50 


If  (when  there  is  seepage  flow  along  the  contact)  condition  (45)  is  satisfied, 
the  strength  and  stability  of  the  contact  zone  are  not  disturbed.  Otherwise, 
there  may  be  negligible  settling,  resulting  from  the  change  in  size  of  the 
arch-forming  particles,  toward  an  increase  in  their  diameter. 

Section  25.  An  example  of  planning  the  granulometric  composition  of  the  soil 
(of  the  filters)  of  the  transitional  zones.  In  this  example  there  is  a  dis¬ 
cussion  of  the  case  (variant  1)  when  the  granulometric  composition  of  the 
run-of-bank  soils  destined  for  the  installation  of  the  filters  of  the  trans¬ 
itional  zones  and  the  granulometric  composition  of  the  rock  fill  of  the  tri¬ 
angle  of  the  dam  are  unknown. 

For  the  given  type  of  rockfill  dam  with  a  loam  core,  shown  in  Fig.  l,a, 
the  granulometric  composition  of  the  soil  of  the  filters  of  the  transitional 
zones  and  the  maximal  permissible  granulometric  composition  of  the  rock  fill 
at  the  contact  with  the  transitional  zone,  with  respect  to  size,  must  be 
planned  (Fig.  14). 


Initial  Data 

Material  of  the  core  of  the  dam — loam. 

Average  estimated  characteristics  of  the  loam  as  follows: 


Content  of  clay  particles  d<  0.005  mm . 15% 

Dust  particles  from  0.005  to  0.05  mm . 20% 

Sand  particles  from  0.05  to  2  mm . 45% 

Gravel-pebble  particles>2  mm . 20% 

Volume  weight  of  the  fram  of  loam  at  placement  in 

the  core  of  the  dam  . 1.75  t/m^ 

Specific  gravity  of  the  particles  of  loam  A . 2.70  t/m^ 

Porosity  . . . . . .  0.35 

Plasticity  number  W^....  .  13.98% 

Upper  limit  of  plasticity  W-p  .  35.46% 

Lower  "  "  "  Wp . 21.48% 

Optimal  moisture  content  W . . ci  17% 

Coefficient  of  water  saturation  G  with  optimal 
moisture  content  .  0.85 


The  granulometric  composition  of  the  loam  is  given  in  Fig.  16. 

Procedure  for  Estimate 

a)  Material  of  the  core  of  the  dam — loam,  with  the  basic  parameters:  clay 
particles  in  its  composition  d<0.005  mm — 15%,  plasticity  number  Wff“13.98 > 

>7  (add.),  coefficient  of  water  saturation  (when  W p)  G*0.85*0.85  (add), 
should  be  regarded  as  cohesive  soil  and  all  the  estimates  for  planning  the 
granulometric  composition  of  the  first  layer  of  the  filter  of  the  transitional 
zone  should  be  made  as  for  cohesive  soil. 
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b)  The  volume  weight  of  dry  soil  ("frame")  of  loam  (broken  structure) ,  when 
It  is  placed  in  the  core  of  the  dam  should  be,  according  to  the  relationship 
(1) 

,  A 

Tck  >7<*  «=  ? — — ; 

1  ■  *T 


where A=2. 70  g/cm^,  £r  is  the  coefficient  of  porosity  with  WT  (moisture  con¬ 
tent  of  the  flowability  limit)  and  is  equal  to: 

A  IF,  2,70  35,16 

100/b  j  100- 1 

where  Va  &  g/cm^  is  the  volume  weight  of  the  water;  after  substituting  the 
values  we  obtain 

,  ■  2,70 

7CI<  ~  l-)-0,i;6  •r38 

Consequently,  when  loam  is  placed  in  the  core  of  the  dam,  its  volume  weight 
should  be 

7c k  >  1 ,38  ijcjt*  (no  npoenry  7Ck  =  1,75  i/cm*). 


c)  The  estimated  pressure  gradient  when  the  seepage  flow  oozes  into  the 
lower  edge  of  the  core  of  the  dam  may  be  determined  either  by  the  EGDA 
method  or  by  the  relationship  (12) : 

/“*KC=ig», 

where  Oi  is  the  angle  of  incline  of  the  downstream  slope  of  the  core  toward 
the  level. 


In  this  case,  A  =80°,  and  I®3*  =  tg80°=5.7. 

r 


d)  For  this  pressure  gradient,  I™3*  =5.7,  the  estimated  value  of  the  diameter 
of  the  pores  of  the  soil,  D/’“‘a  ,  of  the  first  layer  of  the  filter  of  the 
transitional  zone,  protecting  the  cohesive  soil,  is  determined  from  the  con¬ 
dition  of  inadmissibility  of  breaking  away  or  separation  of  clumps  of  clay 
particles  of  soil,  in  accordance  with  the  relationship  (18): 


or" 


0,3-1 

f /p'+  cos  0 


-V-. 


0,34 

0,3K-5,7+.0 


=  0,4  CM  ~  4  MM, 


where  Tp  =5.7;  <f  =0.38 — from  the  table  (p  );  $^90° — the  angle  between 
the  directions  of  the  force  of  gravity  and  the  seepage  rate. 


Consequently,  to  avoid  separation  or  breaking  away  of  clumps  of  particles 
of  cohesive  soil,  the  composition  of  the  coarse-grained  material  of  the 
first  layer  of  the  filter  of  the  transitional  zone  should  be  such  that,  with 
its  most  disadvantageous  distribution  (separation),  the  maximal  diameter  of 
its  pores  D^13*,  as  indicated  above,  would  be  less  than  or  equal  to  ,  i.e., 

D»“«:Dr‘7  (19). 
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e)  This  soil  composition,  with  an  estimated  diameter  of  the  pores  of 
=4  mm,  should  protect  the  cohesive  soil  of  the  core  of  the  dam  from  erosion 
with  seepage  along  the  contact,  l.e.,  condition  (20)  should  be  satisfied: 

A  aC0.75.fr;,,  where  A  is  assumed  from  the  relationship  (13),  Ftf — from  the 
relationship  (21) . 


In  this  case  we  have =  sin?*  sin  80°  *  0.98; 


'«p 


2 _ -  0,7!*  — 2-— 

|/  V  0.4 


0,75  0,8.1 


Condition  (20)  is  not  satisfied,  since 

4  -0.m  o.754,  :  0.62. 

In  this  case  a  new  composition  is  adopted  for  the  first  layer  of  the  filter, 
from  the  condition  (22),  i.e. 

~...c  0.56 _ 0.56  „0, 

0  ~  (/„  (  0,56)*  -  (0,98  +  0.56)*  =0fZ3«Jf, 

0««c  <  2.3  MM. 

The  granulometric  composition  of  the  first  layer  of  the  filter,  the  maximal 
size  of  the  pores  of  which  corresponds  to  the  relationship  (22),  satisfies 
the  basic  condition  (19)  and  condition  (20). 


Consequently,  in  this  case,  to  be  assumed  as  the  estimated  size  of  the  pores 
of  the  first  layer  of  the  filter  is 

Djax  =d *  2.3  mm 

f)  The  coefficient  of  variation  in  the  granular  size,  ^ ,  should  be  desig¬ 
nated  for  plotting  the  planned  granulometric  composition  of  the  soil  of  the 
first  layer  of  the  filter  of  the  transitional  zone  with  an  estimated  size  of 
the  pores  D £*'*  =2.3  mm.  According  to  section  9,  ti*  <50.  As  an  example  we 
will  take  ^  =36. 

t 

For  the  =36  assumed,  the  premissible  porosity  for  the  rounded  fractions  of 
the  material  of  the  filter  /y  is  determined  from  the  relationship  (24): 

*4,  =  «o|-  0,1  Ig  0,40— 0,1'lg  36  =  0,24. 

g)  We  determine  the  diameter  of  the  fraction  from  the  relationship  (23) 

Dg“"  1-"L  2,3  1-0,24 

0,7  <  =  2,8.0,82'  ‘  ==3*2  MM' 

*  =  I  - 0,05^  ~  1  +  0,05-36  =  2,8; 

'  C  =  0,455^  =  0,455  V&  =  0,82. 


h)  The  effective  diameter  of  the  fraction  of  the  first  layer  of  the  filter 
of  the  transitional  zone  D^q  *-s  determined  from  the  relationship  (25) 

D\0  =/£>{.=  0,58.3,2*1,6  mm. 
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for  Vjj  =36  from  Fig.  5,  i=0.58. 


i)  The  controlling  diameter  of  the  fraction  D^q  is  determined  from  the  con¬ 
dition  (26)  .  .  , 

*  2)^0  =  ^  *|q  =  36-1,6=58  mm. 


j)  The  maximal  diameter  of  the  fraction  Dmax=D^oO  determined  from  the 
relationship  (27) 

D\w*  D!o  +  U>r*>«o  ^-  =  1-6+1‘>3-58  5^r  =315  mm; 

■*=1+1.28  IgtjJ,  =1  +l,28-lg  36=3. 


k)  From  the  estimated  values  obtained  the  estimated  curve  of  the  granulo¬ 
metric  composition  of  the  soil  of  the  first  layer  of  the  filter  of  the  trans¬ 
itional  zone  is  plotted  (curved.  Fig.  16). 

The  estimated  curve  (ft  obtained  should  be  the  "lower  limit."  A  deviation  to 
the  right  beyond  the  "lower  limit"  is  not  permitted.  Deviation  from  the 
estimated  curve  <p  and  the  plotting  of  the  "zone  of  permissible  granulometric 
composition  of  the  soil  suitable  for  placing  in  the  first  layer  of  the  filter 
of  the  transitional  zone"  are  given  in  section  15,  paragraphs  f,  g,  h,  i;  and 
in  Figure  16. 

l)  For  high  and  superhigh  dams  a  check  should  be  made  for  the  condition  of 
the  silting  nature  of  the  first  layer  of  the  filter  with  the  material  of  the 
core  of  the  dam  and  the  welding  capacity  of  the  cracks  in  the  core  of  the  dam, 
if  their  formation  is  possible. 

The  condition  of  a  tendency  to  silt  (welding  capacity  of  the  cracks)  will  be 
fulfilled  if  the  planned  composition  of  the  first  layer  of  the  filter  satis¬ 
fies  the  criterion  (32),  i.e. 


D[l  *26.5(1-,,;)' 


for  the  given  estimated  case  we  have: 

0{7  .3,2  mm;  dm  --  3,8  mm;  0.21;  36. 

After  substituting  the  values,  we  obtain: 


D\i  3,2  ...  26,5(1  -«j)»  26:3(1—0,21)  _.46g 

d*>  3.8 ir:0l84:  „i  -  0,24  j  '  06 
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Condition  (32)  is  satisfied,  since  0.84  46.2.  Consequently,  this  composi¬ 

tion  of  the  first  layer  of  the  filter  will  satisfy  the  condition  of  the 
silting  capacity,  and  consequently,  the  welding  capacity  of  the  cracks. 


Figure  16.  Graph  of  the  Planned  Compositions  of  the  Filter  of  the  Transitional 
Zone  and  the  Material  of  the  Triangle  of  the  Dam 

$ — cohesive  (clay)  soil  of  the  core  (facing)  of  the  dam,  protected  by  the 
filter  of  the  transitional  zone;  1 — zone  of  the  planned  permissible  granulo¬ 
metric  composition  of  the  soil  suitable  for  placing  in  the  first  layer  of  the 
filter  of  the  transitional  zone;  n — zone  of  permissible  granulometric  composi¬ 
tion  of  the  rock  fill,  suitable  for  placing  in  the  triangle  of  the  dam  at  the 
contact  with  the  transitional  zone;  <$>  — estimated  curve  of  granulometric  com¬ 
position  of  the  filter  of  the  transitional  zone  (lower  limit),  beyond  the 
limit  of  which  the  deviation  of  the  granulometric  composition  of  the  soil  of 
the  filter  is  inadmissible;  a — upper  limit  of  the  "zone  of  the  granulometric 
composition  of  the  rock  fill,"  to  which  the  granulometric  composition  of  the 
rock  fill  at  the  contact  with  the  transitional  zone  should  be  approximated. 

A — Content  of  particles,  %;  B — diameter  of  the  fractions,  mm. 


m)  The  coefficient  of  seepage  of  the  estimated  composition  of  the  soil  of  the 
first  layer  of  the  filter  of  the  transitional  zone  (curve  <p)  may  be  determined 
from  the  formula  (28) : 


dtp. 


’  Tf 


i>;  7 


M.  , 

0,01  ;t  1 


.><> 


0.24' 

(1  wi)> 


0,32* 


2,1  CMjrex. 


n)  The  granulometric  composition  of  the  soil  of  the  first  layer  of  the  filter 
with  longitudinal  seepage  should  be  regarded  as  piping-resistant,  if  condition 
(29)  is  fulfilled,  i.e. 

•  0, 0032  sin  *  , 


For  the  given  estimated  case  we  have: 


sin  #  *0.98;  D^g  *1.6 


0,24;  Kf.  2A  cm/cck;  •[,!„  A  (1  n^)  1,08  m  V; 

'  /,  0.82  -  1.3.0.24  |  0,0062  <30-  5)  0.70; 

'  f0  0,30  (7 1  1  >  r,  0,30(1.08  -  l)-0,76  0,221. 


36; 


■.*  -•».  ^v-.  -r-  '-  ■•■>•»:.-.•-  •. . ■»- 


After  substituting  the  values,  we  obtain: 


d. 


ci  0,22 1  y'  0,24/2/i" 

dci  0,13  mm<  D\ 


0,013  cm  0,43  mm. 


1.0  MM. 


s 


Consequently,  this  composition  of  the  soil  of  the  first  layer  of  the  filter 
should  be  considered  as  piping-resistant  with  longitudinal  seepage. 


o)  From  the  estimates  given  it  follows  that  the  planned  granulometric  compo¬ 
sition  of  the  first  layer  of  the  filter  satisfies  all  the  basic  requirements 
made  of  soils  of  the  first  layer  of  the  filter  of  the  transitional  zones  for 
high  and  superhigh  dams,  and  therefore  it  may  be  recommended  for  construction. 
"The  zone  of  permissible  granulometric  composition  of  the  soil  suitable  for 
placing  in  the  first  layer  of  the  filter  of  the  transitional  zone"  is  given 
in  Fig.  16. 


p)  The  thickness  of  the  first  layer  of  the  filter  (and  the  following  layers) 
for  high  and  superhigh  dams  is  designated  in  accordance  with  section  10,  from 
the  relationship  (10) . 


Juncture  of  the  Transitional  Zone  and  the  Material  of  the  Triangles  of  the  Dam 

When  planning  the  juncture  of  the  transitional  zone  with  the  material  of  the 
triangles  of  the  dam,  the  directives  presented  in  section  23  should  be  the 
guideline. 


In  this  example,  the  case  is  discussed  in  which  the  granulometric  composition 
and  the  physical  characteristics  of  the  material  of  the  triangles  of  the  dam 
are  unknown. 


For  a  single-layer  transitional  zone,  the  granulometric  composition  of  the 
material  of  the  triangles  of  the  dam  must  be  planned  so  as  to  satisfy  the 
condition  of  the  lack  of  a  tendency  for  the  planned  material  of  the  first 
layer  of  the  filter  to  spill  into  the  rock  fill  of  the  triangle  of  the  dam. 

Procedure  for  Estimate 

1)  The  average  diameter  of  the  pores  of  the  planned  rock  fill  of  the  triangles 
of  the  dam,  Tiy  ,  is  determined  from  the  relationship  (43) 

d/^I.SD^q  “  1.8*30  *  54  mm 

where  D50  *  30  mm  is  the  size  of  the  arch-forming  fractions  of  the  first  layer 
of  the  filter,  corresponding  to  the  estimated  curve  Fig.  16. 

2)  The  coefficient  of  the  variation  in  granular  size  of  the  material  of  the 
rock  fill,  designated  for  the  construction  of  the  triangles  of  the  dam,  r\„  , 
should  be  designated  on  the  basis  of  the  availability  of  specific  run-of- 
bank  material.  In  order  to  avoid  the  separation  of  the  material  when  it  is 
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transported  and  placed  in  the  embankment  of  the  dam,  however,  its  coefficient 
of  variation  in  granular  size  should,  insofar  as  is  possible,  not  exceed  the 
value  of  f[n  <;  25. 

As  an  example,  we  assume  the  coefficient  of  variation  in  granular  size  of  the 
material  of  the  rock  fill  of  the  triangle  of  the  dam  to  be  Tfo  =  15.  The  poros¬ 
ity  is  determined  from  the  relationship  (24) : 

~  °'45  -  °*1  In  -  0.45  -  0.1  Ig  is  -  0,34. 


3)  The  size  of  the  fractions  D17  is  determined  from  the  relationship  (44): 

1  1  1-0.34 


D  “  < 

•'  .0,252 


1  ym 


* — 'hD\ _ 

»..  •  0,252  J'l5  0..34 


■  30=145  mm. 


4)  The  size  of  the  fractions  D^g  is  determined  from  the  relationship  (25): 
Djo*lDf7  =0.63*145?a90  mm,  for  =15  from  the  graph  of  Pig.  5  i=0.63. 

5)  The  size  of  the  fractions  Dgg  is  determined  from  the  relationship  (26) : 

Ao=  15-90  — 1350  MU. 


6)  The  maximal  size  of  the  fractions  of  the  rock  fill  is  determined  from  the 
relationship  (27): 

Dw  +  19'  -  90  f  I02-s1350  -y-  =  5380  mm, 

.  x  ~  1  +  1)28  Ig  yj„  =  1  -f  1,28  Ig  15  =  2.5. 


7)  From  the  values  of  D^g,  Dl7»  Dgg  an^  D100  obtained,  the  estimated  curve 
is  plotted  for  the  planned  granulometric  composition  of  the  material  of  the 
triangle  of  the  dam.  Fig.  16,  curve  K. 

The  estimated  curve  obtained  should  be  the  lower  limit,  i.e.,  the  granulo¬ 
metric  composition  of  the  material  of  the  triangle  of  the  dam  in  the  zone  of 
contact  (Fig.  14)  with  the  first  layer  of  the  filter  should  not  be  coarser 
than  the  estimated  curve  K,  Fig.  16,  "zone  of  permissible  granulometric  com¬ 
position  of  the  material  of  the  triangle  of  the  dam"  may  be  designated  as  is 
indicated  in  section  23  (paragraph  5). 

It  is  recommended  that  at  the  contact  with  the  filter  of  the  transitional 
zone  the  granulometric  composition  of  the  rock  fill,  with  respect  to  coarse¬ 
ness,  approximate  the  upper  limit  of  the  recommended  zone, W  ,  i.e.,  the 
line  a.  Fig.  16.  Then  the  juncture  of  the  transitional  zone  with  the  rock 
fill  will  be  considerably  strengthened. 

Material  with  a  coarseness  different  from  that  estimated  may  be  placed  in  the 
embankment  of  the  dam  beyond  the  limits  of  the  contact  zone  (Fig.  14). 
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B.  Method  of  Selecting  the  Granulometric  Composition  of  the  Material  of  the 
Transitional  Zones 

The  selection  of  the  granulometric  composition  of  the  filters  of  the  trans¬ 
itional  zones,  as  was  indicated  above  (see  Chapter  3,  variant  2),  is  made 
when  the  run-of-bank  soils  or  products  of  rock  crushing  plants  are  known. 

From  these  there  must  be  a  selection  of  the  appropriate  composition  of  the 
filters  of  the  transitional  zones  and  a  determination  of  the  possibility  of 
their  juncture  with  the  material  of  the  triangle  of  the  dam  of  the  first 
layer  of  the  filter  (single-layer  transitional  zone)  or  with  the  placing  of 
an  additional  second  layer  of  the  transitional  zone  (two-layer  transitional 
zone) . 

The  method  of  selecting  the  material  of  the  transitional  zones  remains  essen¬ 
tially  the  same  as  in  case  A  of  chapter  3  above,  but  the  procedure  for  esti¬ 
mating  and  selecting  the  series  of  estimative  parameters  is  different  here. 

The  procedure  for  estimating  and  explaining  in  this  case  should  be  done  (to 
avoid  repetition)  by  using  a  specific  example  for  selection  of  the  composi¬ 
tion  of  the  filters  of  the  transitional  zones,  as  applied  to  a  superhigh  dam 
of  the  Nurekskaya  GES  type,  with  a  pressure  head  H-300  m. 

Here  the  construction  of  the  triangles  of  the  dam  is  discussed  in  two  vari¬ 
ants:  made  of  gravel-pebble  soil  and  from  rock  fill. 

Section  26.  Example  of  Selecting  the  Granulometric  Composition  of  the  Soil 
(Filters)  of  the  Transitional  Zones 

1.  Initial  Data 

It  is  required  that:  for  the  accepted  type  of  dam  made  of  local  materials 
with  a  pressure  head  of  H*300  m  (Fig.  1,  c)  with  a  loam  core,  the  selection 
be  made  from  the  available  run-of-bank  soil  (Fig.  17),  of  the  granulometric 
composition  of  the  first  layer  of  the  filter  of  the  transitional  zone  which 
should  satisfy  all  the  requirements  made  of  the  composition  of  transitional 
zones  of  superhigh  dams,  securely  protect  and  ensure  seepage-piping  strength 
and  stability  of  the  core  (facing)  of  the  dam. 

It  is  planned  that  the  material  used  for  construction  of  the  triangles  of  the 
dam  be  the  same  run-of-bank  soil  1  (first  variant)  and  run-of-bank  rock  2 
for  the  construction  of  the  triangles  made  of  rock  fill  (second  variant. 

Fig.  17. 

The  material  of  the  core  of  the  dam  is  loam. 

The  average  estimated  characteristics  of  the  loam  are: 

A  content  of  clay  particles,  d< 0.005  mm-11.2%; 
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Silty  particles  from  0.005  to  0.05  mm-76.6%; 

Sand  particles  (0.05-2.0  mm) -11%; 

Volume  weight  of  the  dry  (frame)  loam  when  placed  in  the  core  of  the  dam 
y^-1.7  t/m3; 

Specific  gravity  of  the  particles  of  loam  4=2.70  t/m^; 

Plasticity  number  W„  =8.45%; 

Upper  and  lower  limits  of  the  plasticity  respectively  29.19  and  20.74%; 

Coefficient  of  water  saturation  00.73-0.91  with  the  optimal  moisture  content 
W, =15-18%; 

Material  for  the  filters — sand-gravel-pebble  soil  1,  in  Fig.  17,  which  has 
the  following  basic  characteristics: 

Volume  weight  of  the  natural  structure  Yy=2._1  t/m3  (friable  structure. 

Yep  =1.93  t/m3,  dense,  ytp=2.29  t/m3); 

Specific  gravity  of  the  particles  of  the  soil 4=2. 70  t/m3; 

Porosity  *1  =  0.22; 

ft,. 

Coefficient  of  variation  in  granular  size  ^=  -g?  =175 
Coefficient  of  seepage  Kc^2?l700  m/day; 

Material  of  the  rock  fill  for  the  triangles  of  the  dam — run-of-bank  rock  2, 
Fig-  17; 

Volume  weight  ycK  =  1.62  t/ml;  specific  gravity  4=2.70  t/m3; 

Porosity  >1=0.39,  coefficient  of  variation  in  granular  size^»8. 

2.  Procedure  for  Estimate 

a)  The  material  of  the  core  of  the  dam — loam  (principal  characteristics 
given  in  paragraph  1) — with  respect  to  its  properties  is  cohesive  soil, 
namely: 

Content  of  clay  particles  d<^0.005  mm — 11.2%; 

Plasticity  number  of  the  loam  =8. 45 >7; 

Coefficient  of  water  saturation  G=0.73-0.91>0.85. 
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Figure  17.  Graph  of  the  Selected  Compositions  of  the  Material  of  the 

Transitional  Zones  and  Material  of  the  Triangles  of  the  Dam 

% — loamy  soil  of  the  core;  1 — run-of-bank  soil  destined  for  the  filters  of 
the  transitional  zone  and  as  the  material  for  the  triangles  of  the  dam; 

2 — run-of-bank  rock  for  the  triangle  of  the  dam  (maximal  size  of  it  in  the 
zone  of  contact  with  the  filter  of  the  transitional  zone) ;  3 — estimated 
granulometric  composition  of  the  soil  of  the  first  layer  of  the  filter  of 
the  transitional  zone,  obtained  after  sifting  from  soil  1  large  fractions 
D  85  mm;  I — "zone  of  permissible  granulometric  composition  of  soil  suitable 
for  placing  in  the  first  layer  of  the  filter  of  the  transitional  zone"; II — 
"zone  of  permissible  granulometric  composition  of  the  rock  fill  for  the 
triangles  of  the  dam";  A — Content  of  particles,  %;  B — diameter  of  fractions, 
mm. 


The  volume  weight  of  the  frame  of  the  soil  at  its  placement,  ensuring 
molecular  cohesion,  should  be:  A 

7cK  >  7  CK  “  1  -(-  t^’ 


where J “2.70  t/m  ;  £r  is  the  coefficient  of  porosity  at  the  flowability  limit 
Wt«29.19%; 

1WT  2,70-2'.  1, 19  _  2,70 

*T“  lOOf,  ~  100-1  “  °'79;  7ck  -  i  .(-0,79  -1,51 


This  soil  at  its  placement  will  have  molecular  cohesion,  since  ycK  >  yck 
(1.70  1.51  t/m3). 


The  characteristics  presented  give  every  basis  to  believe  the  given  loamy 
soil  to  be  cohesive.  Consequently,  selecting  the  composition  of  the  first 
layer  of  the  filter  for  this  composition  of  loam  should  be  done  in  accordance 
with  the  method  for  cohesive  soils. 

b)  The  estimated  pressure  gradient  is  Tp, 
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The  maximal  pressure  gradient  when  the  seepage  flow  oozes  onto  the  lower 
limit  of  the  core  of  the  dam,  determined  by  the  relationship  (12)  may  be 
taken  as  the  estimated  pressure  gradient: 

where  « is  the  angle  of  incline  of  the  downstream  slope  of  the  core  toward  the 
level  (Fig.  1,  c) . 


In  this  case  <x  =76°,  consequently. 


/,,  ■-=  fu,KC  =  :g  76-  ==  4  oi. 


c)  The  estimated  value  of  the  diameter  of  the  pores  of  the  soil  Df  of  the 
first  layer  of  the  filter  of  the  transitional  zone,  protecting  the  cohesive 
soil,  is  determined  from  the  condition  (18)  of  the  inadmissibility  of  the 
breaking  away  or  separation  of  clumps  of  clay  particles  of  the  soil: 

=■  1/  __  i  /'  "o,;i4  “ 

'  ffp+cosO  V  "o;32. 4, 01+0,71' CM  "  4>1 

where  Ip  =4.01;  <f=0.32 — from  the  table,  p  ;  6  =45°  is  the  angle  between  the 
directions  of  the  force  of  gravity  and  the  rate  of  seepage. 

Consequently,  in  order  to  avoid  separation  or  breaking  away  of  clumps  of  the 
particles  of  cohesive  soil,  the  composition  of  the  first  layer  of  the  filter 
should  be  such  that  with  its  must  disadvantageous  distribution,  the  maximal 
diameter  of  its  pores,  Dj13*,  would  be:  . 

d)  A  check  should  be  made  as  to  whether  the  granulometric  composition  of  the 
soil  of  the  first  layer  of  the  filter  with  the  limit  value  of  the  diameter 

of  the  pores  D^“^=4.1  mm  satisfies  the  condition  of  the  non-erosion  of  the 

cohesive  soil  with  seepage  along  the  contact,  i.e.,  whether  condition  (20)  is 

satisfied:  ,  , 

U  s.  0,75/*,,, 

where  2^  is  assumed  from  the  relationship  (13);  -Zy> — from  relationship  (21). 


In  this  case  we  have: 


/*  >=»  sin  «  =  sin  76°  =  0,97, 

/  _ ! - o  75  --  ^-^-0,75=0,81. 

'■p-  V«MI 

Condition  (20)  is  not  satisfied,  since 

>0,75/*p  (0,97  >0,61 ), 

In  this  case,  Dj0335  from  condition  (22)  is  taken  as  the  estimated  diameter  of 
the  pores  of  the  soil  of  the  first  layer  of  the  filter,  i.e. 


DP,CM  -  (/K  0,56)*  ^  (0,97  +  0,56)*  “  0,24  CM- 


consequently,  to  be  taken  as  the  estimated  diameter  of  the  pores  of  the  first 
layer  of  the  filter  Is 

0p«ot_j  /)“**'=  2,4  MM. 

e)  Knowing  the  estimated  value  of  the  diameter  of  the  pores  of  the  material 
of  the  first  layer  of  the  filter  D^‘UT=2.4  mm,  the  sand-gravel-pebble  soil  1 
should  be  analyzed  for  suitability^  for  placement  in  the  first  layer  of  the 
filter  in  its  natural  state  or  with  processing,  and  on  the  basis  of  the 
analysis,  optimal  recommendations  are  given. 

1.  To  ascertain  the  suitability  of  natural  run-of-bank  soil  1,  without  its 
processing  for  the  construction  of  the  first  layer  of  the  filter,  it  should 
be  established  whether  the  basic  condition  (19)  is  satisfied,  i.e.  DJ6* 

For  this  purpose,  from  the  relationship  (3),  the  maximal  size  of  its  pores 
D®331  are  determined,  having  first  determined  the  value 

*  =  1  0,05, „  —  l  b  0,05  ■  1 75  =  9,75; 

0  22 

D»MC  =  0,455-9,75  1/T75  2.5=7.3  mm. 


From  the  estimate  given  it  follows  that  the  basic  condition  (19)  is  not  satis¬ 
fied,  i.e.,  (7.3>  2.4)  . 

Consequently,  the  run-of-bank  soil  1  cannot  be  used  for  placement  in  the  first 
layer  of  the  filter  without  processing. 

There  should  be  an  analysis  of  it  and  an  outline  for  sifting  out  its  coarse 
fractions,  so  that  the  basic  condition  (19)  and  other  requirements  are  satis¬ 
fied. 

f)  An  analysis  of  the  run-of-bank  soil  1  shows  that  to  satisfy  the  basic 
condition  (19),  it  is  sufficient  to  sift  out  of  this  soil  the  fractions  D> 
>85  mm  (35%),  without  washing  away  the  fine  fractions,  i.e.,  the  given 
run-of-bank  soil  may  be  used  to  construct  the  first  layer  of  the  filter  of 
the  transitional  zone  in  a  volume  of  65%,  Fig.  17,  curve  3. 

After  the  fractions  D^>85  mm  have  been  sifted  out,  the  soil  composition  3  ob¬ 
tained  may  have  the  following  characteristics: 

Coefficient  of  variation  in  granular  size  y*  =126; 

Porosity  in  accordance  with  the  relationship  (24) 
h*  -  n„  -  0.1  1r  r}  0,40  0,1  Ir  126  0,29; 

V,*.  A  (l-  fi.,,1  2,70(1  -  0,29)-  I; ,92  m*';  />J,  «,r»  MM\ 

in  accordance  with  the  relationship  (28) . 


The  volume  weight 

K*  —  0,25  CM,Ci'K 


The  maximal  si2e  of  the  pores  of  the  given  composition  of  the  soil  is  deter¬ 
mined  from  the  relationship  (3),  having  first  determined  X — -.he  coefficient 
of  nonuniformity  of  the  distribution  of  the  particles  in  the  soil,  or  the 
coefficient  of  piping  locality: 

*  -=  1  -j-  0,05', j,,  ----  1  f  0,05-126  —  7.3; 

_  02\) 

/>,VaKC  =  0.455- 7,3.j  126  { 0,5=  1,5  mm. 

From  the  above,  it  follows  that  the  basic  condition  (19)  is  fulfilled,  i.e., 
Dj*ax<r DC1  (1.5<r2.4  mm),  consequently,  this  composition  of  the  soil  3  (with 
the  sifting  of  the  fraction  D>85  mm),  which  satisfies  the  basic  condition  (19), 
may  be  used  for  the  first  layer  of  the  filter,  if  the  other  requirements  are 
satisfied. 

g)  Taking  into  consideration  the  great  degree  of  variation  in  granular  size 
>2  =126,  this  composition  of  the  soil  3  should  be  checked  for  the  condition 
of  the  silting  capacity  and  welding  capacity  of  the  cracks  in  the  core  of  the 
dam,  regardless  of  wheti.er  *-heir  formation  is  possible  or  not  (with  the  satis¬ 
faction  of  the  condition  of  the  silting  capacity,  this  composition  of  the 
filter  provides  a  considerable  reserve  strength  with  respect  to  the  soil  of 
the  core  of  the  dam  protected  by  it). 

The  condition  of  the  silting  capacity  and  welding  capacity  for  the  cracks 
will  be  fulfilled  if  the  selected  composition  of  the  first  layer  of  the  filter 
made  of  soil  3  satisfies  the  criterion  (32),  i.e. 

D\i  V.  26,5(1  — »*,) 

In  this  case  we  have: 

DIt  =  0,Bmm;  <l»,  =  0,06  mm,  n]p  —  0,29;  r/=  126. 

After  substitution  of  the  values,  we  obtain: 

dw  0,06  0,20  Y 1 26  . 

The  condition  (32)  is  satisfied.  Consequently,  this  composition  of  the  first 
layer  of  the  filter  will  satisfy  the  condition  of  the  silting  and  welding 
capacity  for  cracks. 

h)  The  granulometric  composition  of  the  soil  3  of  the  first  layer  of  the 
filter  should  be  checked  for  piping  strength  with  longitudinal  contact 
seepage. 


The  soil  3  should  be  considered  piping-resistant,  if  the  condition  (29)  is 
satisfied,  i.e. 


I 


For  the  given  example  we  have: 

sin  a  —  0,97;  /^«0.16  mm;  =  1.02  hi/m*  ^  =  0.29;  r('=*126. 
Klj,  —  0,25  cmIcck. 


/.  i:a  0,82  -  1.8«!|,  I-  0,0002  5)  0,82  1 .8 •  0.20 -)  «.«)02(  1 20  -  5)  =,  1,05;  ' 

Tl/^0,:«)(4  l)/*-0,M)(l.02-  l)-1.05-0.2!l. 

After  substituting  the  values,  we  obtain: 

0,0032 -0,07 


•lei  — 


0,0007  cm  —  0,097  mm. 


0,29  \  0,21/0.25 
,/c,  <  n[,  t.  e.  0,097  <0,16  mm 


Consequently,  this  composition  of  the  soil  3  of  the  first  layer  of  the  filter 
should  be  considered  piping-resistant  with  longitudinal  contact  seepage. 


i)  The  granulometric  composition  of  the  soil  3  for  the  first  layer  of  the 
filter,  obtained  from  run-of-bank  soil  1  by  sifting  the  fractions  D>85  mm 
(35%),  has  the  coefficient  of  variation  in  granular  size  ^=126>50. 

The  coefficient  of  variation  in  granular  size  ^^“50  may  be  taken  for  the  first 
layer  of  the  filter  of  the  transitional  zone  protecting  the  cohesive  sc^l, 
if  this  soil  satisfies  the  requirements  given  in  section  9,  paragraph  2. 


1)  The  presence  in  the  composition  of  the  given  soil  of  sandy  fractions  up 
to  2  mm  should  be  not  less  than  20-25%.  The  content  of  sandy  fractions  in 
the  soil  3  obtained  is  25%. 

2)  The  estimated  diameter  of  the  pores  of  the  soil  D#1  should  be  more  than 
the  actual  maximal  Dj?13*  in  the  ratio  T>£*c?  >■  (1.25-1.50)  D^13*.  In  this  case 

*=2.4  mm,  D®ax=1.5  mm.  Consequently,  this  condition  is  satisfied,  since 
D/«‘>1.5  Df3x,  i.e.,  2.4>2.25  mm. 

3)  the  composition  of  soil  3  obtained  satisfies  the  criterion  of  the  silting 
capacity  and  the  welding  capacity  for  the  cracks  in  the  core  of  the  dam. 


4)  With  contact  seepage  and  the  anticipated  hydrodynamic  conditions,  the 
removal  of  fine  piping  particles  dt(  in  size  will  be  considerably  less  than 

the  permissible  size  D5,  i.e.,  dc,  <  D5  (0.097  mm<3%  and  less  than  D5=0.16  mm); 

5)  This  composition  of  the  soil  3  satisfies  (with  a  reserve)  the  criterion 

(20),  i.e.,  the  nonerodability  of  the  cohesive  soil  with  longitudinal  contact 
seepage,  since  *2.44  mm  >Djaax  *1.5  mm.  In  reality,  we  have: 


4p  — 


0'75-Fsr-0'75-W2- 


Vo-.r 

/k<0,75/*p;  0,97 <  1,37 (k  3tn  “  W)' 


4  . 
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From  the  estimates  and  the  analysis  given,  it  follows  that  all  the  require¬ 
ments  imposed  on  the  composition  of  the  soil  of  the  first  layer  of  the  filter 
of  the  transitional  zone  with  ^>50  are  fully  satisfied. 


Consequently,  the  soil  3  (65%  of  the  run-of-bank  soil)  obtained  from  the 
natural  run-of-bank  soil  1  by  sifting  out  only  the  coarse  fractions  D;>85  mm 
may  be  recommended  for  placement  in  the  first  layer  of  the  filter  of  the 
transitional  zone. 


"The  zone  of  permissible  granulometric  composition  of  the  soil  3,  suitable 
for  placing  in  the  first  layer  of  the  filter  of  the  transitional  zone'  is 
given  in  Figure  17. 

j)  The  thickness  of  the  first  layer  of  the  filter  (and  of  the  next  layers, 
if  they  are  necessary)  for  high  ad  superhigh  dams  is  designated  in  accordance 
with  section  10,  from  the  relationship  (10). 

In  this  case  the  minimal  thickness  of  the  first  layer  of  the  filter  should  be: 
Tmin > 3+3 . 5*6 . 5  m*  where  t*  =3.5  m  is  the  total  size  of  the  horizontal  shift 
of  the  core  or  triangle  of  the  dam. 

3.  Juncture  of  the  Transitional  Zone  With  the  Material  of  the  Triangles  of 
the  Dam 

In  paragraph  1  of  this  section  /'initial  data),  it  was  indicated  that  the  same 
run-of-bank  soil  1  (first  variant)  and  run-of-bank  rock  2  for  the  rock  fill 
(second  variant)  are  to  be  used  as  material  for  constructing  the  triangles  of 
a  dam  (Fig.  17). 

Procedure  for  Estimate 


1.  The  material  of  the  triangle  of  the  dam  is  natural  run-of-bank  soil  1, 
Fig.  17. 


a)  We  determine  the  average  size  of  the  pores  of  the  material  of  the  triangle 
of  the  dam  (soil  1) ,  D,"  from  the  relationship  (42) : 


0  22 

D"  ---  0,4.55 1  ^  0.455  |/175  2,5  =  0,75  mm, 

•---  175;  ji„  —  0,22;  />;',=  2,5  mm. 


b)  The  lack  of  a  tendency  for  the  material  of  the  first  layer  of  the  filter 
to  spill  into  the  material  of  the  triangle  of  the  dam  will  be  ensured  if 
condition  (40)  is  satisfied:  <1.8,  hence  Drr>£f  =  -y-g  =0.42  mm,  which 

is  considerably  less  than  D^q=22  mm. 

,  i 

Consequently,  in  this  case  DCr  -Dj^O.42  mm  —  the  lack  of  a  tendency  for  the 
material  of  the  first  layer  of  the  filter  to  spill  into  the  material  of  the 
triangle  of  the  dam  made  of  soil — is  fully  ensured. 


2.  The  material  of  the  triangle  of  the  dam  is  run-of-bank  rock  2  (Fig.  17). 

a)  The  average  diameter  of  the  pores  of  this  material 

D”=  0,455  =  0,455  70=29 

'i„  -8;  «„  =  0,39;  Z)"7  =  70  mm. 

b)  According  to  section  23  the  arch-forming  fractions  of  the  layer  of  the 
filter  of  the  transitional  zone  may  be  assumed  as  D^^Djq.  In  this  case 
D5 o=2 2mm. 

c)  The  lack  of  a  tendency  for  the  material  of  the  first  layer  of  the  filter 
to  spill  into  the  material  of  the  rock  fill  will  be  ensured  if  condition  (40) 
is  satisfied 

D\\ 

We  assume  =D^q=22  mm,  we  obtain  =1.6<1.8. 

The  lack  of  tendency  for  the  material  of  the  first  layer  of  the  filter  of  the 
soil  3  to  spill  into  the  material  of  the  triangle  of  a  dam  made  of  rock  fill  2 
is  ensured,  and  is  not  required  for  the  additional  transitional  zone  (of  the 
second  layer) . 

d)  In  this  case  run-of-bank  material  1  or  run-of-bank  rock  2  may  be  placed  in 
the  triangles  of  the  dam,  or  the  triangles  of  the  dam  may  be  constructed  from 
run-of-bank  rock  2,  and  the  "dry"  deposit  is  done  with  run-of-bank  material  1, 
which  would  considerably  strengthen  the  embankment  of  the  dam. 

e)  The  "zone  of  permissible  composition  of  the  material  of  rock  fill"  may 
be  designated  within  the  limits  between  the  curves  of  the  granulometric  com¬ 
position  of  soil  1  and  the  run-of-bank  rock  2  (zone  2),  Fig.  17. 

Note.  Coarser  rock  material  may  be  placed  in  the  embankment  of  the  dam  out¬ 
side  the  limits  of  the  contact  zone  (Fig.  14). 
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nPEflHCJIOBHE 

I 

HacTosumie  <yxa3aHHfl  no  npoekTHpoBaHHio  nepexoAHbix  3oh  KaMeHHo-3CMAH- 
iifaix  n.noTHH>  paapaCoTaHbi  h  coCTaB.ieHbi  no  3aaaHHio  r.iaBHminpocKTa  Mhhh- 
CTepCTBa  3HCpreTHKH  H  3JieKTpH(pHKauHH  CCCP  B  .TaOopaTOpHM  3eMJlHHblX  nupo- 
coopyjKeHnfi  Bcecoio3Horo  iiayMHo-Hcc.ieAOBaTenbCKoro  HHCTHTyxa  raapoTexHHKH 
(BHHHT)  hm.  B.  E.  BeAeHeeBa  ct.  Hayta.  cOTp.,  ksba.  TexH.  Hayx.-  T.  X.  ripa- 

BCAHblM. 

CTpOHTenbCTBO  BbICOKHX  H  CBepXBblCOKHX  SeMAHHUX  HAOTHH  B  HaUiefl  CTpaKC 
hbjihctcb  BaiKHofi  rocyaapcTBeHHoii  npo6jieMofl,  Koropan  BUABHraeT  p«A  cjiokchux 
rexHHBecKHX  3aaan,  TpeOyiomMX  xaqecTBeHHO  HOBbix  h  6ojiee  cOBepuieHHUX  ne- 
TOAOB  MX  peUieHHH,  B  TOM-  HHCJ1C  npoMHOCTH  H  yCTOfllHBOCTH  BOAoynopHUX  npoTH- 
BotpHabTpauHOHHhix  3J16MBHT0B  njioTMH  (flAep,  sxpaHOB,  nouypoB  H  AP-). 

B  npaxThxe  rHApoiexHHiecKoro  cTpoHTeabCTBa  nocroHHHo  B03HHKaeT  Bonpoc 
o  aaiKHte  rAHRHCTbix  naep,  axpaHOB,  noHypoB,  sepxoBux  otkocob  naoTHH  npH  co- 
npnweHHH  mx  c  xpynHoaepHHCTbiM  MaTepnaaoM. 

Kan  H3BecTHo,  ot  npaBHJibHo  3anpoexTHpoBaHMoro  hjih  tfoaoOpaBHoro  rpaHy- 
.’lo.MeTpHnecKoro  cocTaBa  MaTepHa.na,  tauinmaiouiero  cbh3huh  (rjiHHHCThifl)  rpyHT, 
aaBMCBT  npoMHOCTb  H  yCTOflNHBOCTb  COOpyJKeHHH,  AO.irOBCMHOCTb,  a  TaKWe  3KOHO- 
MHKa  ero  bo3bcabhhh.  ,  \ 

ynHTbiBan  3anpocu  THApoTexHimecKoro  cTpoHTejibcTBa,  BHHldroM.  Ha  ocho- 
B3HHH  pe3yjlbTaT0B  MHOrOJIBTHHX  LUHpOKO  nOCTaBJieHHblX  OnbITMbIX  H  TGOpeTHMB- 
CKHX  HCOneaOBaHHH  no  H3yleHHIO  4>H3B<ieCKMX  M  (pHJlbTpaUH0HH0-Cy(t)(})03H0HHblX 
CBOHCTB,  K3K'  CBH3HblX  (MHHHCTblx) ,  TaK  II  HecBSBHbIX  TieciaHO  rpaBejIHCTUX  rpyH- 
tob  (cm.  JiHrepaiypy)  c  yveroM  paapadorox  no  aTOMy  Bonpoc y  jipyriix  HayiHo- 
HCCJicAOBaTeabCKMx  oprami3aunft  (BHMH  BOUTKO.  HHCa  TnapoiipoeKTa  m  ap) 
h  onuTa  npoeKTHpoBaHHH  h  ctpoBTejibCTBa  niApoTexHHMecKHx  coopyweBHM,  pa3- 
pa6oTaMbi  HayiHo  oSocHOBaHHbie  yKa3aHMB  no  MeTOAHxe  npoeKTHpoBaHHH  r 
noaOopa  rpanyaoMCTpH'iecKoro  cocTaBa  MaTepnaaa  nepexoAHbix  30H,  lainHiuaio- 
Ulllx  CBH3HblC  (r.THHHCTbie)  rpyHTbl,  HACp  (SKpaHOB),  KaK  A.1H  BbICOKHX  H  CBepX- 
BbicoxHX  njiotfiH  if3  MecTHHX  viayepHaaoB,  Tax  h  AJiH  iijiothh  1 — IV  xaacca  no  xa- 

[IIITajIbHOCTII. 

JXaHHbiMM  «yxa3aHHHMH»  npeAycMaTpHBaeTCH  MaxcHMajibHoe  Hcnojib3QBa- 
mie  ajib  ycTponcTBa  nepexoAHbix  30H  ecTecTBeHHbix  xapbepHux  pa3H03epHHCTbix 
rpyHTOB  6e3  hx  aoporocromnefi  nepepa6oTKH,  hto,  b  CBOKb^jiepeAb.  no3BoaneT  ot- 
KsaaTbca  ot  MHOrocaofmbix  AoporocTOHWHX  nepexoAHbix  30H. 

KpoMe  Toro,  npH  pa3pa6oTxe  mctoahkh  npoeKTHpoBaHHH  h  noaCopa  rpany- 
AOMeTpHMecxoro  cocTaea  MaTepnaaa  nepexoAHbix  30H  bhcokhx  11  fcBepxBbicoxHX 
njioTHH  fibun  yMTeHH  hx  cneuH<J>HMecxHe  ocoGeHHOCTH,  xax-To:  HepaBHOMepHOCTb, 
BMHHHHa  H  pa3HOCTb  B  OCaAKaX  (aeipopMaUHHX)  aaeMCMTOB  BbICOKHX  naOTHH. 
BOSMOIKHOCTb  06pa3OBailHH  TpeiUHH  B  BApe  (sKpaHe)  naOTHHbl  H  HeofixOAHMble 
ycaoBHH  caMoaajicHHBaeMocTH  raxiix  TpeuiHH,  MotUHan  to.hu  mi  a  c.tocb  nepcxoA- 
hmx  3oh.  OoabUiHe  noTpeCHocTH  b  MaTepnaaax  aaa  hx  ycrpoiicTBa  h  6oabuine 
O^bCMbl  paCoT,  npH  KOTOpWX  AOaiKHbl  06ecneMHBaTbCH  npOHHOCTb,  HaariKHOCTb, 
aoarOBeMHOCTb  H  IKOHOMIIHHOCTb  HX  B03B€AeHBH. 

OcHOBHbie  pa3pa6oTKH  no  MeTOAHxe  npoeKTHpoBaHHH  h  noafeopa  MaTepwaaa 
nepexoAHbix  30H  a ah  cbh3hhx  rpyHTOB  6h,ih  floaoxenbi  IV  Bceco»3HoMy  xoop- 
AHHBiiROHHOMy  coBewBHHK)  no  (pMabTpauHii,  oaoCpeHbi  h  onyG.THxoBBHbl  b  <Tpy- 
aax  KoopAHHauHOHHbix  coBcmaHHi'i  no  rnapoTexHHxe»,  Bbin.  IX,  cSHeprHB*.  1964. 

B  na'iaae  1966  r.  orae.ibHWM  H.iaaimcM  6buia  ony&iHKOBaHa  KHHra  «rip oex- 
THpoMHHe  h  noAftop  rpaHyaoMerpHMecKoio  coctaBa  (Jih.HjTdob  nepexoAHbix  30H 


bucokhx  rwjTHH*,  «9HeprRH»,  1966,  rae  HMoxea  TeopeTHiecKRft  h  SKcnepHHen- 
TaabRUH  MaTepnaa  MHorojierHHX  HctvieaoBaHHft,  KOTopufi  hbjiR£tcr  '  oOocHOBa- 
HiieM  m»  aanHbix  «yxa3aHHi<». 

B  KOHue  1966  r.  6hjih  BwnymeHbi  b  cbct  *ir  npaxnmecxHX  uc.-ich  «Bpe- 
mchhhc  yKa3aHH«  no  n^oeKTHposannio  w  noafopy  rpaHyaoMerpHnecxero  cocTasa 
ipHJibTpoB  nepexoaHbix  joh,  3amimiaiowHX  cbwhhc  (mhhhctuc)  rpyHTbi,  aaep 

(jKpaHOB)  BbICOKMX  H  CBCpXBbICOKHX  nJlOTHIl  113  MPCTHblX  MaTepHajlOB*,  KOTopbIC 
PeuieHHeM  Nt  447  rjiaBTexcTpofinpoeiaa  MmtaHepro  CCCP  ot  19  Hon6ps  1966  r. 
yTBepKaeHH  h  BBeaeHH  b  aeflcTBHe  b  cHCTeiue  MHHanepro  CCCP  c  1  RKBapR 
1967  r. 

B  1969  t..  bo  HcnoRHeHHe  pacnopaweHHR  raaBHHHnpoexia  MmoHepro  CCCP 
o  BbinycKe  b  1971  r.  ooctorrho- aeflcTByiomHX  «yxa3aHHil»,  aeficrByiomHe  «Bpe- 
MeHHbie  VKa3aHH«»  6bim  pa3cxyiaHbi  Ha  oT3biBbi.  b  78  HayiHo-HccaeapBaTeabCKHx. 
npoeKTHHX  h  CTpoHre.ibHbix  opraHH3auHH,  a  Taxwe  oTaejifcHbiM  cnemtajmcraM. 

Ho  noayieHHbiM  OT3WB3M,  c  yneTOM  kphthhbckhx  aaMenaHHft  h  npa kthhcckhx 
pekoMeHaanHft,  a  Taxwe  c  yneTOM  pray^bTaTOB  aonoaHHTeabHbix  HOBefiumx  Hayi- 
hhx  npopafioTOK  no  aaHHOMy  Bonpocy,  «BpeMeHHbie  yxa3aHHH»  6uan  nepepa6o- 
ranbi  Ha  bmcokom  HayiHOM  ypoaHO  it  noaroToB/ieHbi.  b  hoboi'i  peaaxiuiH, 
k  yiteepjKfleHHio  b  raaBHHHnpoexTe  MHHsnepro  CCCP  b  xanecTBe  nocroRHHo 
aeftcTByioiKHx  «yxa3aHHft». 

HacTosiuiHe  «yxa3aHHn»  b  aannofl  peaaKUHH  29  hiohr  1971  r.  paccMOT- 
pcHbt  b  komhcchh  VncHoro  CoaeTa  BHHHTa,  oaoCpeHH  h  pexoMenaoBaflbi 

K  yTBepjKai'HHK)  IIX  B  Ka'ICCTBG  noCTOBITHO  'aei’lCTByiOIKHX  «yKa3aHHI*l»,  B3a«*eH 

BCH  01-66 

«BpeMeiiHbix  yKa3aHHii»,  M9h3  CCCP"  * 

«yKaaaHHH  no  npoeKTnpoBaHHio  nepexoaHbix  soh  KaMeHHo-3CMJiHHbix  naoTHH*- 
yrBepwaeiihi  PeuieHHeM  M»  279  F AaBHHHnpoeKTS  MHHSHepro  CCCP  ot  26  hio/ih 
1971  r.  h  BBoaiiTCR  b  aeficTBHe  xax  o6n3aTejibHhie  aan  Bcex  npoexTHhix  h  ctpoh- 
TeabHux  opraHH3aunfi  cHcreMbi  MiiH  jHcpro  CCCP  aafl  npRMeHeHHR  npn  npoexTH- 
poBaHKH  it  cTpoHtenbcTBe  rnapoTexHttqecKHX  coopyxteRHit  c  1  HHBapH  1972  f.,  noa 

M  MnnsHcpro  CCCP  M„„3Hepro-c€cF 


BEflOMCTBEHHblE  CTPOHTEJlbHHE  HOPMH 


BCH  47-71 


MHHHCTEPCTUO 
aHEPTETHKH  M 

yxa3aHHk 

BatMeH 

3J1EKTPH4>HKAUHM 

CCCP 

no  npoeKTHpouHHio  nepexoAHux  3oh 

BCH  01*66 

Kai*eHH0  3eMJlflHbtX  DAOTHH 

M3h3  CCCP 

P  ji  a  b  a  I.  OEI11HE  [10J10)KEHH>1 

§  I.  OdaacTb  npHMCHCHHa.  1.  HacrosiUHe  «yxa3aHHa»-  npeaHa3Hatai0TCH  ajih 
npoeKTHpoBaHHsi  h  noaOopa  (h3  ecTecTBeHHbix  xapbepHbtx  hah  HCKyccTBeHHO 
noJiy^aeMbix  MaTepwa-ioB)  rpaHyaoMeTpHnccxoro  cocTaBa  rpyHTOB  nepexonHux 
3oh,  tfonparaiomiix  cB»3Hbie  (MHHHCTbie)  rpyHTU  Hflep  h  sxpaHOB  c  Kpynno3ep- 
HMCTblM  MaTepHaaOM  npH3M  BbICOKHX  H  CBepXBbICOKHX  njlOTHH  (BHe  KJiaCCHblx) , 
I  KJiacca,  a  TaK*e  aah  tijiothh  II  —  IV  xaacca  no  xanHTaabnocTH,  xoropue  bo3- 


Phc.  1.  KaueHHOseujiHHue  iiaothhh 
a-c  eep  xoooPi  npOTHBOtJmjibTpauHomtoH 
npn3Mofi;  0— c  »KpaHOM;  s— c  napoM; 
/— npuaMa  n^OTHHbi  -  KaueHHOHaOpocKaH  hjvii 
nec4aHO-rpaBHAHo>rane'iHHKOBaa;  2  -nepe- 

XOAHbie  30HM. 


aonttTcn  c  npoTHBOtpHjibTpsuHOHttbiMii  yctpoiicTBa  m  n  no  THny.  yxaaaHHOwy  «a 
pHc.  1,  Kax  HacunHbie  H3  nec^aHO-rpaBHHHo-rajieMHHKOBbix  rpyiiTOB,  Tax  h  xa- 
MCHHonaGpocHbje. 

A  AH  .JCMAHHhiX  H  KaMeHHO-3eMJlHHblX  TIJIOTHH  II — IV  KJiacca  no  KanHTajIbHO- 
cth  h  BpeMeHHbrx  coopyweHHii  Moryr  npmmMarbcH  noHHMceHHbie  TpefioBaiiHH 
(§  7,  iipHMeMaHHe;  §  13,  6).  • 

2.  B  tcx  cJiyxaHX,  xoraa  pacqerHhie  xapaxTcpiicrHCTHKH  xa pbcpHbix  iwaTe- 
pHaJIOB  HJIH  HCKyccTBeHHO  TIOJiyiaeMblX  rpyHTOB  (Ha  KaMeHHOApo6HAbHUX  HJUI 
COpTHpOBOHHbIX  3aBOAax),  npCAHa3HaMeHHblX  AAH  ofipaTHbIX'  TpHJIbTpOB  nepexoa- 
Hbix  30H,  buxoaht  sa  npeaeau  peKOMeHaauHA,  npeflycMOTpemibix  HacTonuiHMH 
V xa.iaHHHM h,  cJieayeT  3anpoeKTnpoBaHHuii  hjih  noAofipaHHfctft  rpanyjioMeTpHie- 
CKHH  COCTaB  (|>HJIbTpOB  npOBepHTb  3KCnepHMeHTajlbHblM  nyTeM  B  JiaGopaTOpHH 
(hjih  Ha  njtoiuaaKe  cTpoHTCjibcTBa ) . 

3.  npocKTHpoBaHHe  h  noflGop  rpaHyjioMeTpHMecxoro  cocTaBa  tpiuibTpoB  nc- 
pexoaHUX  30H,  aauiHmaiouiHx  HecBH.iHue  (cyneciaHbie)  rpyHTU,  H3  kotopux  B03- 
boahtch  npoTHBO(j)HJibTpauHOHHHe  ycTpoftcTBa.  npoHSBoaiiTCH  Tax  >kc,  kax  h  aar 
HecBH3HUx  rpyHTOB,  coraacHo  «MHCTpyxuHH  no  npoexTHpoBaHHio  oGpaTnux 
(JiHabTpoB  THapoTGXHHHccxHX  coopy>xeHHfi».  BCH  02-65. 

ripHMGMaHHG.  KoHCTpyXUHH  H  pasMepU  Hapa  HAH  JKpaHa  113  cy- 
rAHHHCTMX  rpyHTOB  yCTaH8BAHBatOTCH  npoeKTOM  B  3aBHCHMOCTH  OT  THH a 
naoTHHU,  ycaoBHi'i  npoH3BoacTBa  paCoT,  h8jvhhhh  npHroanux  cyraHHHCTHX 
MarepnajioB,  KJiHMaTwiecxHX  ycJioBHH  h  np.,  cbraacHo  CHhII  Il-H.  4 — 71. 
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HUtHH  B.  E.  Beietreesi 

26  him«  1971  r. 

1972  r. 

§  2.  npHHRTue  TepMHHW  h  o6o3HateHM.  HacTosmiHe  «yxa3aHHH»  pexoMen- 

aywT  npHaepwHBaifcca  cAeayioiUHX  TepMHHOB  H  CyxBeHHbix  o6o3HaxenHH. 

OcHOBHfale  TepMHHfai 

riepexoAHao  30 Ha  —  nepexoAHhift  CAofi  (caoh)  MarepHaaa  MewAy 
rpyUTOBUM  HAPOM  (SKpaHOM)  H  llpH3M8MK  lUlOTKHbl.  IlpHHeM  CAOft,  npHMHXaiO- 
WHfi  k  HApy  (3KpaHy)  .A0A*eH  6hiTb  3anpoeKTHpoBaH  (noAoOpaH)  TaKoro  rpaHy- 
AOMeTpH^ecKoro  cScTasa,  mto<5u  &um  oCecneseHa  (pHAbTpauHOHHaa  npoinoCTb 
BApa  (SKpaua)  paothhu.  flpw  conpaxeHHH  c  npit3ManH  nAOTHHU  Marepnaa  ne- 
pexoAHOii  3ohm  He  AOA*en  npocbinaTbCR  b  MarepnaA  npH3Mbi  fiaothhu. 

06parHuS  tp  h  a  b  t  p  —  caoh  neciaHo-rpaBHftKo-raAeHHHKOBbix  hah  me- 
6eHoHHWx  rpyHTOB,  npeaoxpaHJDoame  rpymu  seMAHHUx  coopyweHHft  h  HecxaAb- 
Hbie  rpyHTbi  ochob3hhh  coopyacenHii  ot  MexanuRecxofi  cy4>(p03HH,  a  b  OTAeAb- 
Hbix  cAyBaax  raxwe  ot  sunopa. 

CitcaeT  r  p  y  h  t  a  —  coBoxynHocTb  lacTHU  ero,  BocnpHHHMaiomHX  h  ne- 
peAaiouHx  AeiicTBHe  bhcuihhx  cha  h  o6ecnexHBaiowHx  npoHHocTb  h  ycTofmHBocTb 
rpyHTa. 

3anoAHHTeAb  rpyHTa  —  xacTHuw,  pacnoAaraiowHecH  b  nopax  cxe- 
At'Ta  rpyHra. 

Cy  <p  <p  o  3  h  n  —  otpwB  k  nepeMeweHHe  (pHAbTpaiiHOHHUM  hotokom  BHyrpn 
rpyHTa  mcakhx  'lacTHti  hah  hx  bwhoc,  hah  jjacTBopeHHe  coAepxauiHxcH  b  rpyHte 
BOAopacTBopHMbix  coAefi,  hah  hx  BbiMbiB,  b  pe3yAbTaTe  qero  BO3M0JKH0  Hapy- 
njemie  ero  npoiHOCTH  h  ycTofiHHBOCTH.  PaaAHnawT  cAeAyioiUHe  bhau  cvfMmmhh: 
MexaHnnecKyio  h  xHMHiecKyio.  B  nacTOHWHX  yxasaHHHX  paccMaTpH- 
BaeTCH  TOAbKo  MexaHHMecxasi  cyiptpoami. 

MexaHHMecKaB  cyipiposHH  —  otpub  h  nepeMeuieHHe  BiiyTpH  rpyHTa 
tt  BMHOC  MeAKHX  MaCTHU  H3  6T0  TOAWH  BCAeACTBHe  B03AeftCTBHH  (pHAbTpaKHOll- 
noro  noTOKa. 

BuyipciiitHH  Mvrxami'iecxan  cy(J)(J)03Hn  —  nepeMeweHHe  ifniAbTpauHOH* 
HHiM  hotokom  BHyTpH  rpyHra  MeAKHX  ero  nacTHVi. 

B  h  e  ui  h  m  n  McxaiiHvecKan  cy<}x|)03HH  —  bwhoc  ipHAbTpauHomibiM  noToxoM 
MeAKHX  nacTHu  H3  rpyHTa.  > 

0 11  a  c  11  a  h  MexaiiHqecKan  cy^>(J)03HH  —  orpwB,  nepeMeweHHe  n 
BMHOC  l|)MAI.TpauHOHHblM  HOTOKOM  MCAKHX  MaCTHU  II  HaCTHU  CKCAeTa  rpyHTa  B  Ta- 
KOM  KOAH'leCTBe,  npH  KOTOpoM  HapyWaCTCH  npOHHOCTb  II  yCTOl'mHBOCTb  ero. 

K  o  a  b  m  a  t  a  )«  —  OTAOHieHHe  b  nopax  rpyHTa  mcakhx  nacnm.  hccommx 
ifniAliTpaUHOHIIMM  nOTOKOM. 

C  y  (}>  <|>  o  3 11 6  h  h  m  ft  r  p  y  h  t  —  rpy«T,  n  KOTopoM  mojkct  npoHCXoAHTb  11 
pa3BHB3TbCB  MeXBHHMeCKBH  Cyi{)(J)03HH  lipil  CKOpOCTHX  IpHAbTpaUHVb  HpeBMUiaK)- 
WHX  KpHTH'iecKHe., 

Hecy<})tj)03HonHMi'i  rpyHT  —  rpynT,  b  kotopom  MexaHHiecnaH  cy4»4»o- 
3HH  IICB03M0>KHa.  ' 

npaKTHHcc.  kh  u  ec  y  <p  t|i  o  3  h  o  n  h  m  fi  rpyHT  —  rpyHT,  H3  kotopoto 
MoryT  fihiTh  BMHeceHM  (no  reoMCTpimecxoMy  xpHtepmo)  (jiHAbTpauHomibiM  no- 
tokom  caMWe  MeAKHe  HeviameMACiiHwe  ero  nacTHUbi  b  KoAimecTBe  He  6oAee  3 — 
5%  no  secy,  ot  Bbmoca  xoTopwx  npoiHocTb  n  ycTofr'weocTb  rpyHTa  He  Hapy- 
luaeTcH. 

<t>HAbTpaunoHHan  n  p  o  <1  h  o  c  t  i.  '  rpyiiTa  —  cnocofiiincTb  rpyiira 
COnpOTHBAHTbCH  B03HHKH0B€HHK)  (JJHAbTpaUHOHHMX  Ae<J>0pMaUHft. 

4>HAbTpauHOHHMe  AeijiopMauHH  rpyHTa  —  AeipopMaiiHH,  o6pa- 
lymiuHccti  npH  HapyweHHH  ipHAbTpauHoHHon  nponnocTH  rpyHTa  (b  pe3VAbTaTc 
MexaHHnecKoA  cy<Jxj)03HH,  KOAbMarawa,  ^HAbrpauHOHHoro  Bbinopa  hah  ynaoTHe- 
miH,  KOHTaxTHoro  pasMuga). 
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rlpocbinaHHe  rpynra  b  $  h  a  fa  t  p  —  nepcMemeunc  m&skhx  <)>paKUH>i 
to  KOHiaKTMpyioiuero  rpyHTa  b  caoh  ipHAbTpa  (hah  rpyHTa  I  caoh  bo  btopoh, 
HAH  B  K3MeHHyiO  Ha6pOCKy)  nop.  aejlCTBHeM  CHAbI  THJKeCTH. 

B  ii  a  b  .n  h  Li  a  h  k  e  $  H  a  b  T  p  a  b  rp^HT  —  BHeapeHHe  (ppaKUHii  (pHJibrpa 
b  KOHTaKTHpyfotuHH  rpyHT,  npOHCXoamuee  noA  aeflcrBHeM  chaw  thhcccth  h  BHew- 
Heft  Harpy3KH. 

KoHiaKTHasi  o6jiactb  rpyHTOB  —  o6aacrb,  BKAtoBaiomasi  rpaHHuy  AByx 
CMe>KHbix,  pa3JiHMHbix  no  cBoeMy  rpaiiy.iOMeTpHiiecKOMy  cocraBy  rpyHTOB,  onpe- 
AeAHeiHan  r/iyfinHoif  B03MO>Knoro  npoHiiKHOBCHHR  BacTHU  oflHoro  ’  rpynra 
b  Apyroft.  «m 

PaccAaHBaiiHe  rpyHTa  —  oTAeAewie  KpynHbix  nacTHU  ot  mcakhx,  npo- 
Hcxojmmee  npn  TpaHcnopTupoaKC,  0Trpy3Ke  11  oTChintce  rpyHTa. 

B  bin  op  —  oTpbia  ii  oflHOBpeMeHHoe  nepeMemeHiie  ueAoro  o6i>eMa  rpyHTa 

BOCXOAHUUIM  LpHAbTpaUHOHHhlM  rlOTOKOM. 

Or  e  a  a  H  b  a  H  n  e  rpyHTa  —  orphiB  arperaroB  Bacwm  cBH3Hor,p  (rAiimicTo- 
10)  rpyHTa  a  30He  kohtbktb  (b  nopax)  c  Kpynii03epHHCTbiM  rpyHTOM  hah  rpyii- 
TOM  o6paTHorO  (JlHAbTpa.  ,  , 

/lonycTHMoe  0T\:AanBaHHe  —  OTpbiB  arperaroB  BacTHU.  cBH3Horo 
rpyHTa  b  30He  KOHTaKTa  c  rpyHTOM  o6paTHoro  (pHAbrpa  (b  nopax)  Ha  rAyCnay 
paBHyio  hah  MeHbiue  noAosHHhi  AHaMBTpa  nop  rpyHTa  (pHAbTpa  r  ofipaaoBamteM 
ycTOftqHBhix  cboahkob  (6e3  paiMUaa  KOHTaKTa). 

OnacHoe  HeaonycTHMoe  OTCAaHBaHiie  —  otpub  arperaTOB  Ba¬ 
cTHU  cBH3Horo  rpyHTa  b  30He  KOHTaKTa  c  rpyHTOM  oGpaTHoro  ipHAbTpa  (b  no¬ 
pax)  Ha  PAyfiHHy  fioAbiuyio  noAOBHHbi  AHaMeTpa  nop  rpyHTa  ipHAbTpa  c  bo3Moik- 
HblM  B03HHKHOBeHHBM  Ae^opniauHH  CBH3HOTO  rpyHTa. 

KoHTaKTHblil  P  a  3  M  bl  B — pa3M  bIB  MeAKOaepHHCToro  HAH  CBH3H0T0 
(rAHHHCToro)  rpyHTa  Ha  koht3ktb  c  KpynHoaepHiicTUM  rpyHTOM  (4>HAbrpoM)  noA 
AOHCTBHBM  npOAOAbHofl  (pHAbTpaUHII. 

EyKBCHHue  o603KaMeHH« 


D  —  AHaMeTp  HacTHU  rpyHTa  oGpanioro  (pnjibTpa; 

D0  —  cpeAHHii  AHaMBTp  (pHAbTpanHOHHux  nop  b  caoe  (pHJihxpa; 


0“8ltC  — MaKCHMaAbHblft  AHameTplJlHAbTpaulIOHHblX  nop  B  CAOe  (jlHAbTpa; 
Qgacw  —  pacneTHbiB  AHBMeTp  iJiHAbTpauHOHHiiix  nop  rpyHTa  4>iiAbTpa; 
,Dl0...  At--- D(o  —  AHBMCTpbi  lacTiiu  rpyHTa  o6paTHoro  (JnuibTpa; 

ij;  vjp;  'i^i  —  —  Kos^HuiieHT  pa3H03epHHCT0CTH  r^ynta  ii  rpyHTa  o6paTHoro 


4>HAbTpa;  * 

M;  —  nopHCTocrb  rpyHTa  ii  rpyina  o6paTHoro  (Jiii.ibTpa  (b  aoahx 
eAHHHUu); 

Kri  AT4,  —  K03(J)(J)HUHeHT  ijiHAbTpauHH  rpyHTa  ii  rpyma  ofiparHoro 
4>HabTpa; 

■ft  —  K03(jxJ)HUHeHT,  y MIITHBaiOUlHil  (})OpMy  H  UlepOXOBaTOCTb  BaCTIIH 
rpyHTa; 

■  (t — AHaMeTp  nacTim  rpyiiTa,  3au(iimaeMoro  oOp.iTiiWM  ijiiubTpoM; 
d„  —  AHaMeTp  cBOAooCpasyioiUHx  qacnm  rpyHTa; 
rfr/ — inaMerp  (cyiJxfio.aHOHHbix)  bbctiiu  rpyiiTa,  BMiiociiMbix  <j>nxbT- 
paUHOHHhlM  noTOKOM; 

rf«  — AHanetp  (KOAbMaTMpy ioiuhx)  'lacTMii  rpyiiTa,  npH  kot^pmx  Ha- 
BHHaercH  KOAbMaraiK  4>iiAbTpa  (hah  rpyHTa); 

— AHaMeTpbi  HacTHU  rpyHTa; 

4p!  fxp  —  KpHTHMecKHe  rpaAHCHT  iianopa  ii  CKopocTb  ({MAbTpauHii,  npn 
KOTopwx  Hacrynaet  MexaHHiecKaa  cy^^oaim  hah  paaMbiB 
rpyHTa; 

tfo  —  K03<f>(pHUM£HT  KpHTHBeCKOft  CKOpOCTH; 

/*  —  npHBeAeHHbij)  KosijxJmuHeHT  rpeHHH; 

Vjum  —  AonycTHMue  rpaAHeHT  Hanopa  h  cxopocTb  (pnahTpauHH,  paB- 
Hbie  KpHTHBeCKHM  (yMeHblUeHHblM)  C  y BeTOM  KOS4>4»HUHeHTa 
3anaca; 
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Ip — pacHeTHpM  rpaAKeHT  nanopa,  onpeAeaHeMbift  (pHabipauHOHHbi- 
mh  pac'ieTaMH  hjih  motoaom  9fiIA; 

—  yroa  Mew  Ay  HanpaBieHHHMM  ckopocth  4>HAbTpau.m<  h  chjiu 
fawecTM; 

x  —  K03i})4)HuiieHT  nepaBHoMepnocTH  pacKaaAKH  lactHU.  rpyHTa 
((jjHAbTpa),  HAH  K09<t><t>HmieHT  AOK.IAbllOCTM  Cy<}><|>03HH; 

-(cK  — 06-beMHbiii  Bee  cyxoro  rpyHTa; 

A  —  yaeabHuii  Bee  nacTHu  rpyHTa; 

•(„  —  Otj-beMHblil  BeC  BOAbi; 

V  —  K09(J)l})HUHeHT  KHlieMaTHHCCKOH  SjUKOCTH  BOAbi; 

W  —  BJiawHoctb  rpyHTa; 

—  MaKCHMajibHaa  MoaeKyaapnaa  BaaroeMKocTb  CB«3Horo  rpyHTa; 

V/r—  rpaHHua  TeieyaecTH  rpyHTa; 

H/p  —  rpaHHtia  pacKaTbiBaHHH  rpyHTa; 

W'i,  —  mhcao  naacTHHHocTH  rpyHTa; 

0  —  K03ip<pnuHeHT  BOAOHacuiueHHa  (BaawHocTH)  rpyHTa; 

:T  —  K03(fi(j)imHeHT  nopHCTocTH  Ha  rpaiwue  reKyqecTH  rpyHTa; 

g  —  ycKopeHHe  chaw  rawecTH;  * 

H  —  Hanop; 

T  —  roauiHHa  caoh  (pn.ibtpa. 

§  3.  Ha3HaaeHHe  nepexoAHbix  3oh.  I  lepexoAHbie  30Hbi  —  nepexoAHue  npoMc- 
wyTOHHbtc  caoh  rpyHTa,  conparaKnune  cyrAmmcTHii  (cbsohuh)  MaTepnaA  HApa 
HAH  3KpaHa  C  KpyilH03epilHCTblM  MaTCpiiaAOM  [ipil3M  nAOTIIHbl  (raACMHHKOM  HAH 

KaMeHHofi  na6pocKofi) . 

Ochobhum  HajHaaeHHCM  nepexoAHbix  3011  HBJineTcR  aaiuina  cBHSHoro  (tah- 
HHCToro)  rpyHTa  siflpa  (aKpauaj  jiaothhu  ot  hbachhh  ipHAbTpaunoHHbix  Ae<pop- 
m a miii  (oTCAaHBaHiia)  h  MexaHHMecKOii  cy<t><|>03HH,  KOHTaKTHoro  pa3MbiBa,  o6ec 
neaeHHa  aaAeHHBaeMocTH  Tpeimiti  b  aApe  nAOTHHbi  b  cAyiae  B03MowHoro  hx  oGpa- 
aoBaHiia,  a  TaKwe  a  ah  o6ecne>ieHHH  HaAewnoro  coHpHwemni  HApa  (sKpaiia) 

,  c  npn3MaMn  nAOTHHbi  hah  npHrpySKoii  C  BepXOBoft  CTOpoHbl  3KpaHa. 

§  4.  3aaaHH  npoeKTHpoBaHHH  rpaHyAOMerpHiecKoro  cocTasa  (pHAbTpos  ne- 
pexoAHux  30H.  B  3aAa<iH  npoeKTHpoBaHHH  rpaHynoMeTpHnecKoro  cocrana 
IpHAbTpOB  nepexoAHbix  30H  IIAOTIIH  BXOAHT  pCUieilHH  CACAyiOlUHX  OCHOBHbIX  BO- 
npocon: 

1.  ycTaHOBAeHiie  cTenetm  cbhiiiocth  rpyura  HApa  (snpaHa)  nAOTHHbi  ii  ero 
pacneTHhix  napaxieTpoB  (rpaHyAOMCTpHMecKoro  cocTaBa.  ofm-MHoro  Beca.  nopn- 
ctocth,  HHCAa  HAacTHHHocTii.  Ko3(|)())imHenTa  BOAOHacuueHHH  h  Ap  ),  xapaKTepn- 
3yiomHX  ero  Kan  c  b  h  3  h'w  A  (tahhhctwh)  rpy«T.  yAOBAcTBopaiomHH  BceM  Tpe- 
0OB3HHHM,  npeAbHBAHe.HbIM  K  TaKOli  KBTeropHH  rpyHTaM,  nOAGop  COCTaBa  IpIlAb- 
TPOB  K  KQTopbiM  npoH3BOAHTCH  no  MeTOAHKC  AAR  CBH3HHX  rpyHTOB- 

2.  OnpeAfACHHe  niapoAHiiaMHMccKiix  ycAOBiiii  (jiiiAbTpamioHHoro  noToxa 
b  KoHTaKTHbix  loHax  tpacMeTHWx  rpaAHCHTOB  Hanopa  b  nape.  anpaHe  no  buxoac 
II  ncpBMH  CAOII  (Jlll.H.Tpa  II  no  KOIITaKTaxi),  OnpeaCAJU  MblX  hah  (|>HAbTp3HHOHHblMII 
pacMeTaMH,  hah  mcto.tbmh  3r.HA.  hah  ApyrHMH  3KeiK,,.iMeiiTaAbHbiMH  h  rp.<}>H- 
MeCKHMH  M  CTO  A  a  M  H 

3.  flpocKTHpoBaHHe  rpaHyAOMCTpHMecKoro  cocTaBa  ncpBoro  caoh  tpitabTpa 
(upM  oTcy  rcTBiiii  AaHHbix  o  KapbcpHbix  haii  HCKyccTBCH ho  noAyqaeMbix  rpyHTax) 
no  ycAoBiiKi  iivAonymtHiiH  AeijiopMamiii  oTCAaiiBaiiHH  arperaTOB  MacTnu  cbhs- 
Horo  rpyHTa  aapa  (sapaiia)  nAOTHHbi  Ha  kohtsktc  c  nepBbiM  cAoeM  4>HAbTpa  n 
nocAeayTouinx  cAoes  (ecAii  TpeGyeTca)  no  ycAOBHio  «HenpocHnaeMocTH»  h  sJihai>- 
rpamioHiioH  nponiocTii  h  ycTofmHBocTH  kohtbktob. 

4.  Bbifrop  KapbcpHbix  hah  HCKyccTBeHHo  noAyMaevbix  rpyiiTOB  (npH  naAH- 
MIIH  KapbepOR  IIAH  II pi  AyKIMIH  KBMHCApoftHAbHblX  33BOAOB),  KOTOpble  MOryT  6hlTb 
HCnOAbAOBallbl  AAH  ycTpoflCTBa  nepexoAHbix  30H  C  VMeTOM  TCXHHMeCKOfl  H  3K0H0- 
MimecKOH  ueAecoo6pamocTH  nx  HcnoAbsosaHiiH,  B  Tex  cAyianx,  Koraa  noCAii- 
30CTII  OT  B03BOAHMOTO  COOpyWCHHH  eCTb  HeCKOAbKO  KapbepOB  AAH  yCTpOflCTBa 
nepexoAHbix  ioh,  cacavct  npn  nbifiope  oaiioro  H3  hhx  hah  HCCKOAbKHX  pvkoboa- 
CTBOBHTbCH  COoGpaWCHHflMH  liaHMCHblUeil  CTOHMOCTH  paCoT  npH  HX  HCn0Ab30Ba-  ‘ 
HHII  B  ACAO  (MCCTOnoAOWeHHe,  TpaHcnopTupoBKa,  yCAOBHH  paapaAOTKH  H  np.). 


5.  IlpoeepKa  3dnpO€KTHpoBanHoro  hah  noao6paHHoro  rpaHyjioMeTpH'iecKoro 
cocTaBa  rpyHTOB  nepexoAHbix  30H  Ha  (pHJibTpaunoHHyio  npoMHoeTb  h  yfcToiiiH- 
BOCTb  KOHTaKTOB,  Ha  ycAOBHe  HeAonymeHHH  fle<|>opMauHfi  oTcaaKBaHHH  arperaTOB 
HacTHU  CB«3Horo  rpyHTa,  ero  pa3Mbiaa  Ha  KOHTaKTe  c  nepBbiM  cAoeM  c))HAbTpa 
H  pa3MblBa  KOHTaKTOB  nOCAeAyiOmHX  CA OeB  npH  KOHTaKTHOH  (pHJll.Tpau.HH  (BflO.lb 
caocb),  a  TaK*e  onacHofi  MexaHHMecKoft  cy<pip03HH  b  chmhx  caohx  nepexoAHoii 
aoHbi  (b  flono.iiiCMHe  k  yxa3aHHOMy  b  n.  3  11 '4). 

6.  npoBepaa  aanpoeKTHposaHHoro  iijih  no'AoOpaHHoro  rpanyaoMerpHBecKoro 
tocTaaa  nepBoro  cjioh  (pHAhTpa  nepexoAHoii  30HU  iia  ycjioBHe  caMoaajienHBaeMo- 
CTII  npOAOAbHblX  TpeiUHH  Hjpa  njlOTHHbl  B  CAyiaflX,  CCJU1  yCTaHOBJH'Ha  B03M0JK- 
HOCTb  I1X  06pa30BaHHH. 

7.  VcTaHOBJieHHe  TOAmHHbi  h  micjia  cjioeB  nepexoAHoii  30Hbi  ho  toahko 
c  yieTOM  npoH3BOflCTBa  pa6oT,  ho  h  c  yieTOM  paccjioeHHH  no  BbicoTe  MaTepna.ia 
npH3M  IIJIOTHHbl  npH  HX  B03BeAeHHll,  a  T3KJKC  C  yneTOM  B03M0JKHbIX  ropH30HTajU»- 
HblX  AClpopMaUHH  COOpyjKeHHB. 

8.  YcTaHOBJieHiie  AonycTHMbix  npeaeAOB  bosmowhux  OTCTynjieHHH  b  rpany- 
JioMerpimecKow  cocTane,  toaiuiuij  cAoeB,  nopiiCTecTii  (hjih  o6i.eviHOM  Bece)  rpyii- 
TOB  4'HJIbTpOE  nepOXOAHblX  30H. 

9.  IlpoBepaa  BKcncpHMCHTajibHo  b  jia6opaTopHbix  ycjiOBHHx  hjih  na  onwr- 
hom  yiacTKe  Ha  njiomaaKe  ctpohtbji bcTsa  aanpoeKTHpoBaimoro  cocTaBa  MaTe- 
pnajia  nepexoAHbix  3oh  b  cjiynanx,  xoraa  pacieTHbie  xapaKTepiieTHKii  xapbep- 
Hbix  rpyHTOB  hjih  rpyHTOB,  noJiyiaeMbix  Ha  KaMHeAPo6HAbHbix  3aBOAax.  npea- 
Ha3Ha4ciiHbix  ajih  nepexoAHbix  30H,  bwxoaht  3a  npeAeJiu  peKOMeHAauiifi,  npe- 
AyCMOTpeHHblX  liaCTOHUIHMH  y  KaAaHHHM  H .  .IIJIH  3T0H  UejIH,  B  3BBHCHM0CTH  OT 
aaaaH  SKcnepHMeHTajibHOH  npoBepKH,  AonwHa  6uTb  paapaOoTana,  nporpaMMa 
II  MeTOAHKa  3KCnepHMeHT3JIbHbIX  HCCJieAOBaHHH. 

§  5.  MaTepnaji  A  Jin  nepexoAHbix  30H.  ZP-.a  ycTpoiicTBa  (pnjibTpoB  nepexoa- 
HblX  3011  AOJDKHbl  npHMeHBTbCH  AHUIb  He(.BH3HbI€  eCTeCTBeHHbie  HAH  HCKyC- 
ctbchho  noAyMaeMbie  rpyHTbi  H3  TBepAbix  h  nJioTHbix  KaxieHHbix  nopoa.  He  co- 
AepjKauiHX  BOAopacTBopHMbix  coach.  K  TaKHM  rpyHTaM  othochtch:  necqaHbie, 
rpaBHfiiio-raAeMHHKOBbie  rpyHTbi,  weOenb,  uie6eH0iHbie  otxoau  KaMiieapoOHAbiiux 
33B0A0B. 

EcTecTBeHHbie  hah  ncxyccTBCHHo  noAyqaeMbie  necKH  aoajkhij  cocTOHTb  11.3 
TBepAbix  h  nAOTHbix  nopoa:  noACBoro  uinaTa,  KBapua  hah  hx  cMecH. 

r paBHH,  raAciiiHK  h  uie6eH04Hbie  rpyHTbi  aoaw hu  npoHcxoAHTb  H3  TBep¬ 
Abix,  nAOTHbix,  M0p030CT0HKHX  nOpOA,  He  nOAAaiOUlHXCH  BblBeTpilBaHHK)  H.Bbl- 
mCAaiHBaHHIO. 

ripeaeA  npomiocTH'  KaMCHHbix  nopoa  npn  chothh  aah  ycTpoficTBa  nepexoa- 
llbix  30H  nAOTHH  AOAJKeH  C00TBeTCTB0B3Tb  npOMHOCTH  OCHOBHOTO  TeAa  nAO- 
'THHbi,  ho  He  MeHee  300 — 400  icr/cM2.  ripn  HcnbiTamni  Ha  mopo3octoi*ikocti. 
OH  11  AOAJKHU  BblACpJKHBBTb  lie  MeHee  50  UHKJIOB  33MOpa)KHBaHHH  H  OTT3HB8HHH 
npH  TeMnepaType  ±I73C,  npH  stom  noTega  b  Bece  He  aoajkhb  npeBbiuiaTb  5%. 

§  6.  HcXOAHfcie  AaHHble  A  AH  npOCKTHpOBaHMH.  npH  npoeKTHpOBaHHH  (pHAh- 
TpoB  nepexoAHbix  30H  aoajkhh  6biTb  H3BecTHbi  cAeayioiUHe  ncxoAHbie  AaiiHbie: 

1)  npHHHTbii'i  b  npoeKTe  THn  h  KOHCTpyxuHH  nonepeMHoro  npocpHAH  nAOTimu 
C  npOTHBOl()HAbTpaUHOHHblMH  yCTpofiCTB8MH  H  Cn0C06  ee  B03BeAeHHH  (B03B0AH- 
Mble  nOCAOftHOH  OTCbinKOfi  C  ynAOTHeilHCM,  OTCbinKOH  riHOHepilblM  cnocofioM  H3 
OoAbuiyio  BbicoTy,  cMCinaHHbiM  ciioco6om,  Hacyxo,  c  boaoh  h  np.); 

2)  AaHHbie  o  MaTepnaAe  aapa,  sxpaHa  nJioTHiibi:  rpaHyAOMeTpimecKiiit  co- 
cTan,  o6i>eMHbifi  Bee,  yaejib  ’ii  Bee,  nopHCTocTb,  npeaeAbi  h  hhcao  nAacTimHo- 
CTH,  K03(J)(t)HmieHT  BOAOH3Cb  ,HH  H  np.,  HX  paCHeTHble  xapaKTepHCTHKH,  npilHH 
Tbie  b  npoeKTe; 

3)  AaHHbie  O  B03M0WHblx  ropH30Hm..lblIblX  CMemeHHHX  HApa  HAH  npi!3M  HAO- 
THHbl  H  AaHHbie  O  803M0JKII0M  o6pa30BBIIHII  OTAeAbHbIX  (npoAOAbHblx)  TpeiUHH 
n  HApe  (sxpaiie)  nAoTHHj; 

4)  AaHHbie  o  MaTepHajve  np«3M  nAOTHiiw  (neciaHo-raAemiHKOBbie,  113  k3mch- 
nofl  Ha6pocKH  h  np.)  h  ero  4>H3H4ecKHe  xapaKTepHCTHKH:  rpaHyAOMeTp«'iecKHA 
cocTaB,  oOijeMHhifl  see,  yABAbtibifl  Bee,  nopHcrocTb  h  ap.; 

Z)  AaHHbie  o  hbahhhh  h  sanacax  MecTKbix  MaTepnaAOB  (xapbepoB),  npea- 
HaaHaiaeMhix  aah  ycTpoftcTBa  nepexoAHbix  sou,  AaHHbie  06  ycAOBHHX  hx  ao6uhh 


it  rpancnopTHpoBKii,  a  tskjkc  hx  4>H3H'iecKHe  xapaKTepwcTHKH,  yKa3aHHhie  i  it.  4 
iiacToamero  naparpaipa; 

6)  pacaeTHbie  anaieHiln  rpajiaeHTOB  nanopa  ipHAbTpauKOHHoro  noTOKa.  np«- 
HflTwe  a  npoeKTe  Ha  ociioBatiHH  ipHAbTpauHOHHbix  pacaeioB  hah  no  MeToay 
3f\IlA:  MaKCHMaabHbfH  pacaeTHbiH  rpaaweHT  Kanopa  (/p“KC)  npH  BbicaMHBaHHM 
4)HabTpamioHHoro  noToxa  via  HH30Boft  otkoc  aapa  (axpaHa)  n.ioTHHU  no  koh- 
raKTy  aflpa  11  nepBoro  c.noa  (JuiAbTpa  n  ap. 


T  a  a  b  a  11  OCHOBHblE  PACHETHblE  nOJIOWEHHfl 

AJlfl  flPOEKTHPOBAHHJ?  rPAHyjlOMETPHMECKOTO  COCTABA 
MATEPHAJ1A  HEPEXOAHblX  30H 

§  7.  OfiiKHe  yK83aHHH,  1.  /Ian  ycTpoiicTea  nepexoaHbix  30H  aoawhh  npH- 
MeHHTbfH  aHIHb  H6CBH3HbJ£  eCTeCTBeHHbie  HaH  HCKyCCTBCHHO  nOAyHaeMbie  rpyHTbl 
H3  TBepabIX  H  naOTHhIX  KBMCHHblX  riOjfOA,  He  COAepJKaiUHX  BOAOpaCTBOpHMblX  co- 

aefi  (ra.  I,  §  5). 

r paHyaoMeTpimecKHH  corraB  MaTepwaaa  nepexoa'Hbix  3oh  mojkct  6UTb  3a- 
npoeKTHpoBaH  Han  noao6pan  Kaa  necy<j)(()03H0HHbiM,  Tax  h  cyipijio- 
3HOHHMM. 

OanaKo  cjjHabTpbi  nepexoaHbix  30H  ey(J)(J)03HOHHoro  cocraBa  aoaauiu  6uTb 
npoBepeiibi  Ha  <t>HAbTpauHOHHo-cy(j)(|>03HOHHyio  npoiitocTb.  t.  e.  mto6u  jvih  nan- 
Hbix  ruapoanHaMHHecKHx  ycaoBiin  hx  pafioTbi  b  4)HabTpoBo.M  Marepnaae  He  B03- 
iiHKaao  onacHofi  MexamiHecKoii  cyij><|)03HH  11  He  aapyuiaaacb  6bi  ero  ipnabTpa- 
-UHOHHan  npOMHOCTb. 

2.  ripuBeaennbie  HHXie  pcKOMeHAauHH  no  npoexTHpoBaHHio  h  noaOopy  rpa- 
HyaoMeTpH'iecKoro  cocTaBa  nepeoro  caon  ipHAbTpa  nepexoaHbix  30H  pacnpo 
cTpaHfnoTCH  Ha  ipHAbTpbi  nepexoaHbix  3oh.  aamumaiomHe  c  b  b  3  h  bi  e  (raHiui- 
cTbie)  apeintpyeMbie  rpyHTbi. 

C  b  h  3  h  bi  e  rpyHTbi  (cyraHHKH  h  raHHbi)  mojkho  xapaKTepii30BaTb- coaep- 
acaHHCM  b  hx  coc^ase  raHHHCTbix  nacTHit  pa3Mepo.u  rf <0,005  mm: 

CyraHHKH .  10—30% 

raHHbi .  6oaee30% 

h  mhcaom  naacTHMHOCTii  IT,,: 

cyraHHKH .  7  IT,,  17 

raHHM . '  H7n>17 

3.  B  Aamibix  N'Kasamiax  npocKTHpoBaHHe  h  noafiop  rpaiiyaoMeTpimecKoro 
cocTaBa  nepBoro  caoh  (jjHabrpa  nepexoaHbix  30H  peKOMeHAyeTcn  aah  cbh3- 
Hbix  rpyuroB  (HapyiuenHoti  CTpyKTypbi)  c  mhcaom  naacnimiocTH  IF,,»7  npH  ko- 
aeOaiiHii  BaaacHOCTH  b  HmepBaae  naacriiiHOCTH,  t.  e.  npn  WT>W>-Wp,  rat* 
WT  —  rpamma  Texy mccth,  a  Wp  —  rpnHHua  pacKaTbieaiiHa  rpyHTa. 

ripH  9TOM  raHHHCThlfl  rpVHT  aOJUKeil  HMeTb  MOAeKyasipHoe  cuenAeHHC,  koto- 
poe  MoweT  ftbiTb  BbipaiKeiio  >iepe3  Be.niMimy  ofii>eMiioro  Beca  cyxoro  (cKeACTa ) 
rpyura  [4], 

06-heMHbiii  Bee  cyxoro  .(cKeAda)  3amnmaeMoro  cnH3iioro  rpyiiTa  npn  ero 
yKAa AKC  AOAJKeH  ObITb 

7ck  ^  K’ck  —  1  £t'  0) 

rAe  A  —  yaeabiiHii  Bee  lacnin  rpvHTa  b  ?Icm3;  tT  —  K03<|><t>HUHeHT  nopHCTOCTH 

np« 

—  Tlfe.  <2> 

rae  y,  —  oO-bemihiH  Bee  boau  » 1  i  cm*.  , 

4.  ripHBeACHHblC  HHJKe  peKOMdl aaHHIl  no  MeTOAHKC  npOCKTHpOBBHIW  H  noa- 
6opa  rpaHyAOMCTpiiiccKoro  cocTaBa  nepBoro  caoii  ijjHAbTpa  nepexoAHbix  30H, 
aauiHiuaiomHx  cbbshnc  (rAHHHCTwe)  rpyKiu  npeaycMaipHBaiOT  aab  bucokhx  h' 


CBepxBbicoKiix  n.ioTHH  (BHe  K^accHux)  it  I  K.iacca  no  KanHTaJibaocTH —  yc.io- 
Bue  HeionyneHHn  oTpuea  hah  oTcjianBaHiin  arperaTjjB  ia- 
cTiiu  CB»3Horo  rpyHTa  Ha  koktbktc  c  r  p  y  h  t  o  m  nepBoro 
c^oa  jfcHJibrpa. 

5,  ripocKTHpoBaHHe  iuh  uoa6op  'rpaHyjioMerpHHecKoro  cociaBa  nepBoro 
caoa  (JiHJibTpa  nepexoaHux  3oh  k  rpyHTaM  c  hhcaom  naacTHMHocTH  #7n<7  npoH3- 
BOAHTCH  TaK  we,  K3K  H  AAH  HecBH3HbIX  rpyHTOB  COr.iaCHO  [I],  HAH  OKOHHareAb- 
Hoe  peujeHHe  npHHHMaeTca  nocne  npoBejeHHH  cnemiajibHbix  onbiTHUX  Bccaeao- 
BaHIlfl  B  COOTBeTCTBlAl  c  KOHKpfcTHblMH  ycAOBHHMH. 


n  p  h  M  e  1  a  h  h  e.  ,Hah  itaothh  II — IV  KJiacca  no  KanHTaAbHocTH  h 
BpeMCHHbix  coipyweHHi'i  bo3mo3kho  AonycxaTb  HeSoJibUJoe  oTejvaHBaHHe 
(He  BJiHHiomHe  Ha  npoiHocTb)  whhhctojo  rpy/na^Ha  KOHTaxTe  c  nep- 

BbiM  cJioeM  (pH.ibrpa  (b  nopax)  Ha  Be.imfHny  A5=  — ax — -Tip*  3tou  uax- 


cHMajibHbiii  pa3Mep  nop  rpyHTa  nepBpro  caoh  tpiiAbTpa  AOAweH  6biTb 
£>m3kc  it5  cm,  a  raiiHHCTbiii  rpyHT  siapa  (sxpaHa)  aoawen  HMeTb  hmcao 
naacTHiHOCTii  U7„>7  (h  Wn>5  aah  BpeMeHiUJX  coopyweiiHti). 


§  8.  OueHKa  cy<pipo3HOiiHOCTH  (Hecy<t><t>o3HOHHocTH)  rpyHTOB,  onpeneaeHHe 
MaxcHMaabHoro  pa3Mepa  bmhochmmx  qacTHU  h  MaKCHMpabHo  no3MowHoro 
npoueHTa  BUHOca  (no  reOMCTpHHecKOMy  KpHTepHio)  FlpHCTynaa  k  noaOopv  co- 
craBa  nepexoaftux  30H,  npewAe  Bcero  HeofixoaHMO  onpea^lHTh,  k  naKo/1  waTe- 
ropHH  othochtch  KapbepHbie  hji h,  HcxyccTBeHHO  nojiynaeMhie  rpyHTH,  hbahiotch 
.TH  3TH  rpyHTbl  cyij>(j)03H0HHhIMH  HAH  Hecy4>(J>03H0HHhIMH. 

ZIjih  peiueHHB  BToro  Bonpoca  peKOMeHayerca  ABa  cnoco6a;  nepBbni  cnocofi 
xapaKTepH3yer  Hecy<j><j>03HOHHocTb  rpyHTa,  KorAa  H3  ero  toaihh  npH  jtioGhx  cko- 
pOCTHX  (jjHJIbTpauHH  He  OyACT  npOHCXOAHTb  BbIHOCa  CaMUX  MejIKHX  qaCTHU. 

Btopoh  cnoco6  xapaKTepH3yeT  rpyHT  KaK  .npaKTH'iecKH  Hecy4><}>o3HonHbiH, 
H3  icoToporo  AonycKaeTcn  He3HaHHTeAbHbift  buhoc  MeAbiaAuiHX  He3anieMJKHHbix 
ero  nacTHU,  ho  6e3  napymeHHH  ero  npoHHOcm 

n  e  p  b  bi  ft  cnoco6.  Ilo  3aAaHHbiM  napaMeTpaM  HccaeAyeMoro  rpyum  onpe- 
AejmeTCH  AHaMeTp  MaKCHMaAbHbix  (JiHAbTpamioHHbix  nop  b  rpyHre  D„Mi,KC  no 
CJICAyiOmefi  3aBIICHM0CTH: 


n:!‘KC  =  0,455v.7^  " 1_  Dn,  ■  (3) 

*  —  «i|> 

TA6  X  —  K09(p(J)HUHeHT  HC p3BHOM€pHOCTH  paCKABAKH  M3CTHH  B  rpVHTe  11,111  K03c})- 
4>HI(HCHT  AOKBAbHOCTH  ry(p(}l03HH: 


*  =  1  +  0,05r„|l:  (4) 

Mio  .. 

t|,| ~ — K03(pq)HHHe«T  pa.3H03epmicTocTH  rpyiiTa;  -  nopiicTOdb  (b  ao- 


AHX  eAHHHUN);  D\-t  —  AHBMeTp  qaCTHU,  KOTOpbIX  COAepWIITCH  B  rpyHTC  17% 
h  Menbuie  (no  Becv). 

Haaer,  no  kphboA  rpaHy-ioMerpimecKoro  cocTaBa  Aamioro  rpyHTa  naxo- 
A1IM  MHHHMa.Ibllblfl  AHa.MOTp  CTO  'IBCTIIIX  D« Mil 
*  Ec jih  oxawcTcn.  'no 


0.770““*  >  n,. (5) 

to  rpyHT  c.icAyeT  ciiiTaTb  c  y  4>4)  o  3  h  o  ii  h  bi  m;  ii3  Taxoro  rpyiiTa  Moryr  Bbi- 
HOCHTbCH  BCC  'IBCTHUM,  KpynHOCTb  KOTOpbIX  MeHbUIC  H All  paBHa  * 

£>”"c  <  0,77  D"‘*c,  (0) 

rAe  D™c  -  MaKfHMaAbHwii  AHaMeTp  cyipc^oaHonnbix  qacTHu,  KOTopue  motvt 
6blTb  Bblliecfellbl  H3  TOA IUH  rpyHTa  npH  COOTBCTCTByiOmHX  CKOPOCTHX  (pH.lbTpa" 
UHH  (COAblllHX  KpHTHHeCKoft  —  0Kp). 

Ecah  we  OKaweTCH,  hto 


0.77Orc-OMI„„ 


(7) 


to  rpyHT  caeayei  owraTb  Hecy<i>4i03H0HHbiM.  ^3  Taxoro  rpyaxa  He  mo- 
ryr  BhiHocHTbca  h  caMwe  Me.iKne  ero  qacTHUbK 

MaKcHMa.ibHo  B03MO*Hbiii  npoueHT  BbiHoca  cyi|)4>03HpHHbix  nacTHU  H3  rpyH- 
Ta  (no  reoMerpHqecKOMy  xpHTepwo)  onpeaeaflercR  H3  aaaHfcKMocTH  (6)  no  Dcl  . 

3Hafl  £>“ fKC,  no  xpHBofi  rpaHyaoMeTpHiecxoro  cocTaBa  onpeaeaaeM  bcko- 
UblH  MaKCHMaabHbJH  npoueHT  BbiHoca. 

B  t  o  p  <yft  cnocoO.  ripaxTHxa  noKa3biBaer,  •  hto  ecaw  4i3  rpynTa  OyayT  bh- 
HOCHTbCB  caMbie  MMKne  He3ameMneHHbie  ero  qacTHUbi  b  KOJWnecTBe  He  (frwiee 
3 — 5%  no  Becy,  to  npoiHocTb  rpyHTa  He  HapyuiHTCH.  CaeaoBareabHo,  n  p  a  k  t  h- 
lecKH  Hecy(p4)03H0HHb,M  rpyHTOM  mowho  CHHTaTb  Taxofi  rpyHT,  H3 
noToporo  MoryT  fibirb  BbiHecenu  4>n.ibTpauHOHHbiM  ncfroxoM  MenbiafiuiHe  ero 
qacmnw  b  Ko.iHMecTBe  He  (fonee  3%  (5%)  no  Becy. 

KapbepHbiii  hah  HCKycctBeHHo  noayqaeMbiA  rpyHT,  npeaHa3HaqeHHUft  aan 
ipH.ibTpoB  nepexoaHbix  3oh,  cneayeT  cMHTatb  (no  reoMerpHiecxoMy  KpHTepHio) 
npaKTHHecKH  Hecy<}><J>03H0HHbiM,  cow  ero  napaMeTpu  yaoBJieTBOpsnoj  caeayio- 
Uieii  33BHCMM0CTH: 

D3  ' 

^>N,  .  .  (8) 


rac  N  -  (0,32  +  0,016^)  »  r„(l  _±-. 

Ec.IH  3BBHCHM0CTb  (8)  HC  yAOBjieTBOpBeTCB,  rpyHT  C-iepyeT  CHHTaTb  C  y  (p  (p  o- 
3  II  O  H  H  bl  M. 


[1  p  im  e  1  a  H  h  c.  ripHBeaeHHbie  b  §  8  cnoco6bi  onpeaeaeHHn  cyijxpo- 
3HOHHOCTH  (Hecyr|>(|l03H0HH0CTH)  rpyHTOB  paCfipOCTpaHBKlTCB  He  TOJlbKO  Ha 
rpyHTu  oGpaiHbix  (pHBbTpoB,  HO  h  Ha  oce  ecTecTBeHHHe  xapbcpHue,  Hcxyc- 
cTBeHiio  ncwyqaeMbie,  HapyiueHHoii  h  HeHapyiueHHofi  crpyxTypbi  HecBH3- 
Hbie  rpynTM. 

§  9.  AonycicaeMaa  creneHk  pa3H03epHHCT0CTi  rpywros  pa  a  ycTpoftcTaa 
nepexoaHUx  3oh.  MnoroaeTHHe  .xafiopaTopHue  h  narypHue  HCcaeaoBaHHH  no 
HiyqeHHio  CTeiieim  iiepaBHonepHOCTK  pacKaapKH  qactHU  rpyHTa  h  ero  paccaaHBae- 
mocth,  HaOjiioaenHH  3a  npuHJBoaCTBOM  pa6oT  no  yxaaaxe  MaTepHaaa  (pH.ibtpoB 
(2).  a  TaKjKe  Gu.ibuiaB  ToaiUBHa  caoeB  nepexoaiiux  3on  npn  hx  ycrpoftcTBe  no- 
3B0.1HI0T  oOOCHOBaHHO  peKOMeilflOBaTb  npHMeHBTb  rpyHTbl  C  BbICOKoft  CTeHeHbH) 
paXHOiepHHCTOCTH.  3TO  aaeT  B03M0)KH0CTb  HCn0,Tb30BaTb  AAH  4>HJIbTpOB  nepexoa- 
hux  30H  ecrecrBemibie  KapbepHbie  rpyHTbl  6e3  hx  aonojiHHTeabHOfi  aoporccroH- 
iueH  nepepa6oTKH  —  OTceBa  xpynHbix  h  oTMHBa  muikhx  (ppaKimft,  oftorauneitHH, 
apoO.ieHHa  h  t.  a.  xax  3To  ae.iaeTcn  aaa  TOHxocajflHux  $HAbTpoB,  mto6u  noay- 
‘isiTb  oaHopoaHbifl  uaiepHaa. 


1.  Ko3<jH|)HUHeHT  pa3H03epHiicTocTH  rpyHTOB  nepBoro  h  nocaeayioutHx  caoes 
nepexoaHbix  3oh  juih  bucokkx  h  CBepxBbicoKKX  iuiothh  (BBexaaccHbix)  h 
1  xaacca  no  xanKTaabHOCTH,  3amHiuaioiuHx  cBBSHhie  rpyHTbl  caeayer  aa3Ha- 
qaTb  [2J:  » 


_  »on _  ~W 

*♦ 


50. 


Kax  ndxa3uaaeT  npaKTHxa,  yxjnaxa  rpyHTa  c  ;  50,  npa  BOSBeaeHHH  toj»- 
crocaofiHHx  (pH.ibTpos,  nocaoAflo  c  pa3paBKHBaiiHCM  h  ynaoTHCHHeM  ero  npH 
HexoTopofi  BaaxnocTH  (ao  5%)  oOecneqxBaeTcx  ero  oaRopoaHocrb  no  caoio. 

2.  Rai i  nepioro  cao«  (j»oibTpa  nepexoaaoft  sohm,  3amHina»mero  cbhs- 
HMft  rpyHT  KO»<tMpHaHeHT  pa3H03epHHCT0CTH  MOJKeT  ObTTb  npHHHT 
r>4  >50  npH  HiaaeacaueM  oObcHOBaiiHH: 

a)  HaaHHHB  b  ero  c  oct  a  Be  necHanux  <bpaxuMft  0,05—2  mm  He  MeHee 
20—25%; 


6)  p^cieTHbii'i  AHaweTp  nop  rpyHta  (c  '>$ > 50)  npn  cauoii  erp  HeeuiojiHott 
pacKjaAKe  AOJinceH  6utb  OoJibuie  AeHctBHTejibHoro  xaKCHMaJtbHoro,  t.  e. 
-OS*”  >  (1»25  — 1,50)02*“; 

b)  rpanyaOMeTpHqecKHH  cocraB  rpyHTa  c  >  50  AOJnxen  yAOBJieraopatb 
acpMTepMio  KoabnampyeMOCTH  h  cauo3aaeMHBaeuocTH  Tpeiunn  b  aape  (japaue) 
■aoTHHbi  (4to  coa^aeT  3anac  b  npoqiyXTH); 

r)  BuHOQ  ueaKHX  cy$4>03H0HHUx  (fipaKUHH  <fci  H3  aaHKoro  cocTasa  rpy«ra 

■<C  ^>50),  npH  KOHTaKTHOH  (^HJlbTpaUHH  M  AaHHUX  KOHKpeTHbIX  rHApOAHHiMM- 
qecKHx  ycjioBHHx,  AOJiwen  6biTb  Menbme  D\  t.  e.  dci  <  D[  (c  HeKOTopuii  3a- 
nacoM  no  cpaBneHHio  c  3aBHCHMOCtbio  (29) —  .tcpHTepHex  BMHOca*); 

a)  aauHbiit  cocTaB  rpyHTa  c  t](j)>50  AojiaceH  yaoBaeTBopstb  KpHTepmo  (20), 
r.  e.  ycJioBHio  HeaonymeHHH  pasMbiBa  cBHSHoro  rpyrna  npn  npoAOJibKOH  koh- 
T3KTHOH  (pHJIbTpailHH. 

Ecjih  yxa3aHHue  Buiue  ycjioBna  He  yaoaaeTBOpfliOTCH,  npHroaHOCTb  a«h- 
woro  cocraB  a  rpyHTa  mojkct  6uTb  nposepena  SKcnepHMeBTaabHO. 

§  10.  ToamHHa  nepsoro  caoa  ipaJUTpa  nepexoAHOft  sohu.  a)  IlpoTHBo- 
^pmibTpauHOHHbie  ycrpoHCTBa  (aapa,  sxpaHu)  h  ynopHbie  npH3MU  bucqkhx  iijio- 


i)  .  5) 


Phc.  2.  CxeMa  nepexoAHOft  3ohh 
1 — flApo  njioTHHu;  2-nepexoiHM  soh*  (4>HAbTp);  J-npu;u!3  iuiotiihm; 

f'~-ropH30HTa;ibHbie  cneiacHHM  npH3MH  hah  nxpa  iijiothhw.  \ 

thh  npeiepneeaioT  pa3Hbie  po  BeJinqnHe  h  HanpaBJieKHio  aecpopMauHH,  npn  koto- 
pb(X  B03M0JKHU  31ia'lHTe.1bHbje  CMemeHHH  npM3Mbl  njIOTHHbi  B  CTOpOHy  sapa  HAH 
mao6opoT.  B  thkhx  cayqanx  Mo>KeT  npoHaoflTH  pa3ptJB  nepBoro  caoa  <tmnbrpa 
nepexoaHofi  30Hbi,  ccjih  maWHHa  ero  6yneT  HeaHaqHTejibHOft,  HanpHMep,  paB- 
Hofi  t'  (phc.  2).  CaenoBaTenbHo,  B03BeAeHHe  nepBoro  caoa  (puibTpa  nepexoAHOft 
30HU  TOHKOCJIOHHblM  4 JIB  BbICOKHX  nJlOTHH  AOnyCKaTb  HeAbifl. 

npH  B03BeneHHH  nepBoro  caoa  (JnuibTpa  nepexoAHOft  sohu  aHawreJibHoA 
toaiuhhu  CynyT  HcmnoqeHU  HewejiaTejibHbie  BBJieHHa  paapuBa  cooes  npa  Ke- 
paBHOMepHux  h  pasHbix  ocanKax  BAeueHTOB  nJioTHHU,  a  rauae  npa  ceftcuHieaauc 
B03AeAcTBHax  Ha  luioTHHy.  nPH  3tom  B03Mo*HocTb  paspymeHHa  (P83PUB8)  ne¬ 
pexoAHOft  30HU  6yneT  HCKjnoaeHa  (pwc.  2),  xotb  AecpopuaQHH  j,  MOryT  HxeTb 
uecro. 

6)  ripH  OojibiuoH  TojiuiiiHe  cooa  4>nabTpa  npeACTaBAaeTca'  bo3mo>khum  npa- 
'ueHaTb  pa3H03epHHCTue  ecTecTBeHHue  xapbepHue  rpyHTU  c  bucokoS  cTeneHbio 
K03<t>4>HQHeHTa  pa3H03epHHcT0CTH  (t|$<  50  h  6o«e)  6es  ha  AoporocToamefl  ne- 
pepaOoTKH  (oTMUBa  mcakbx  h  oTceBa  Kpynnux  4>paiaiHft,  kik  sto  AcaaeTca  aab 
TdHKOCAOftHUX  ())HAbTpOB). 
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«)  ToauytHa  nepaoro  t.ioa  <p  h  a  b  -r  p  a  nepexoanofi  3ohh  jab  bwco- 
khx  iuiotAm  AOJixua  HaaHaqaTbca  ue  To.ibKo  no  $tuibTpaiwoHHUM  ycAOBHHM  jr 

yCJIOBHHM  npOH3BOACTBa  pa60T,  HO  H  C  y4eTOM  B03M0WHUX  rQSH30HTaJtbHbiX  CMe- 
meHHH  3JieMCHTOB  COOpyJKeHHH  (aapa  H  npH3M  nAOTHHbi)  V0T  Hep^BHOMepHUX 
ocsaok.  '  .  ' 

MHHHMaabHaB  toaiuhhb  nepBoro  cjioq  (pHAbTpa  nepexoaHOit  soHfal  7UHh  AS* 
yKa3aHHoro  wna  naomH  AOAWHa  6uTh  (pwc.  2): 

Tum>3+t’  (m),  (10> 

rae  t'  —  cyMMapmaA  pa3Mep  ropH3oHTa;ibHhix  cMemeHHft  aapa  hah  rdhsmu  nno- 
THHbi  (b  m),  onpeaejiaeMbift  pacqeTOM  hah  no  ashhum  hccacaobbhhh. 

ripuMenaHHe.  ToAWKHa  nocAeayraiuHx  caoea  nepexoaHoft  3ohu,- 
eCAH  HMe«TCH  B  HHX  Heo6xOAHMOCTb.  M05KCT  Ha3HaHaTbCH  H3  yCAOBHH  npO- 

H3B0ACTB3  pafioi,  ho  He  MeHee  3 — 3,5  m. 

§  11.  PacieTHue  rpaAHeHTu  Hanopa.  1.  IlpH  npoexTHpoBaHHH  hah  noa6ope 
rpaHyAOMeTpHMecKoro  coeTaBa  nepeoro  caoh  cpHAhTpa  nepexoAHbix  30H,  3auiH- 
maioiuero  CBH3HUH  (rAHHHCTblft)  rpyHT,  lieo6xOAHMO  3H3Tb  paCKCTHOe  3Haqe- 
HHe  rpaAHeHTa  ^AbrpauHOHHoro  noToxa  /  p  b  cbh3<jom  rpyHTe  na  bhxoac  b  nep- 
BblH  CAOH  (pHAbTpa. 

PacneTiioe  3Haqenne  rpaaiieHTa  Hanopa  (pHAbTpauHoHHoro  noToxa  na  yqa- 
crxe  BbicaMHBaHHi!  HApa  hah  sxpana  nAOTHHbi  Mojxer  6uTb  onpeAeAeno  hah 
4>HAbTpai(HOHHbIMH  pacieraMH  HAH  MeTOAOM  3TJ1A. 

Aah  HApa  nAoTHHbi  rpaAHeHT  tpHAbTpauHOHHoro  noToxa,  npn  ero  Bwxoae- 
Ha  HH30Byxi  noBepxHocTb  HApa  b  nepBHfi  caoh  (pHAbxpa,  Mo*ei  6biTb  onpeAeAen. 
no  CAeAyx>mefi  39BHchmocth  (.pHc.  3  ): 


rae  fl—  yroA  wewAy  ahhhch  Toxa  it  mi30B0ft  rpaHbK)  HApa,  OepeTcn  H3  reapo- 
AHHaMHMeCKOH  CeTXH,  llOCTpoeHHOH  rpatpHHecXHM  MeTOAOM. 

OAHaxo  aah  HApa  nAOTHHbi  3a  pacneTHHft  rpaAHeHT  Hanopa  pexoMeHAyerc* 
MaxcHMaAbHbirt  rpaAHeHT  Ha  yqacTKe  BbicaqHBaHHH  npn  Bbixoae  <{>HAbTpauHOH- 
Horo  noToxa  b  nepBbifi  c-ioft  (pHAbTpa  na  ypoBHe  boau  HHWHero  6be$a  (rae  0» 
=  a),  KOTOpbJH  MOJKCT  6blTb  npHHHT  paBHbiM: 

'  <12> 

rae  a  —  yroA  tiax.ioHa  HH30Boro  otkocs  HApa  x  ropH30HTy 1  (phc.  3). 

no  noayqeHHOMy  3HaqeHHK>  rpaaneHTa  banopa  (/p‘"tr).onpeaeAHeTcH  pacqeT- 
Hbifi  attaHCTp  nop  rpyHta  nepBoro  caoh  tpHAbTpa  DJ*-'*,  3auiHuiaiomero  cbh3hhii 
rpyHT  (§  13).  ,  ■ 

2.  Cbmhuh  rpyHT  napa  haothhu.  KOHTaxTHpyeMbiH  c  xpynH03epHHCTbiM  Ma- 
TepnaaoM  (nepBoro  caoh  tpHAbTpa),  He  aoAweH  noABepraTbcn  pa3MbiBV  tt  pa3- 
pylUCHHra  tj)HAbTpaUHOHHHM  nOTOXOM,  HaymHM  B  nepBOM  CAOe  (pHAbTpa  BAOAb 
xoHtaxTa  no  HH30B0My  oTKocy  napa. 

CTekaHHe  npotjjHAbTprfSaBineftcH  Boats  no  otkocv  nap  a  nAOTHHU  Cyacr  npo- 
HcxoattTb  c  rttapaBAHqecxHM  yxAOHOM,  cooTBCTCTByiodrHM  3aAOH(eHHK>  OTxoca 
HApa  nAOTHHbi  (pHC.  3). 

CAeAOBaTeAbHb,  3a  pacqembift  rpaAHeHT  Hanopa  Ha  KOHTaiere  napa  n  nep¬ 
Boro  CAOH  IpHAbTpa  MOJKeT  6blTb  JipHIIHT 

/„  =  stnx,'  (13) 

rae  a  — to  >xe.  hto  h  b  (JiopMyAe  (12). 


1  MaKCHMaAbiibtii  yroA  a  nap  a  nAOTHHbi  pexoMaitAycTCH  npmtHMaTb 
<76—80°. 


JXaHHbii>  rpaaHeHT  Hanopa  fK  AO/utjeH  6biTb  MeHbiue  KpHTHMecKoro  (§  14), 
'roraa  b  KOHTaKTHofi  30He  He  6ys.£T  npoHexoAHTb  oTpbiBa  arperaTOB  qacTHU  cbh3- 
noro  rpyHTa  aapa  n/iOTHHbi  h  pasMbi- 
Ba  KOHTaKTHofi  30Hbl. 

3.  B  c/iyqae  cTeKaHHH  npo<)>H/ib- 

TpoaaBUiefiCH  BOAbl  (HAH  -JIHBHeBblX 
»Ofl)  no  KOHTaKTy  nepBoro  c.ioh  co 
BTOptJM  CJIOeM  4>HJIbTpa,  3a  pacneTHblfi 
rpaa«eHT  Hanopa  caeayer  npHHHMaTb 
•4  no  aaBHCHMOCTH  (13),  a  b  cAyqae 
4epTHKaabHofi  (piuibTpaUHH  b  necqaHO- 
rpaBHfiHo-raaeMHHKOBOM  rpyHTe  Teaa 
njioTHHbi,*  r.  e.  npH  creKaHHH  (jiHBHe- 
BOH  II  ap.)  Boabl  BHH3,  3a  pacneTHblfi 
rpaaneHT  tianoja  npHHHMaeTcn  /=  1 
(PHC.  3).  . 

Hamibte  npoBepKH  cy4>4>03H0HH0fi 
TipOHHOCTH  KOHTaKTHofi  30Hbl  nCPBOPO 
h  BToporo  caoeB  <|)HjibTpa,  a  Taxxce 
■cy4i4>03HOHHofi  npoHiiocTH  -  ca.Mofi  nec- 
xtaHO-rpaBiiHHo-raaemiHKOBofi  npii3Mbi 
naoTiiHbi  caeayeT  BunoAHHTb  b  Tex 
ciyianx,  ecnii  yro  BU3biBaercn  koii- 
KpeTHUMH  npaKTHHecKHMH  yC.TOOHBMH. 

n  p  m  m  e  4  a  h  m  e.  FIpaxTHxa  h#  npoBepoMHue  pacieTbi  HOKaibiBaioT, 
MTO  CTeKaHHe  BOAbl  BHH3  BflOJIb  nepBOTO  CJIOH  CpH/lbTpa  Ha  KOHTaKTe  CO 
BTopbiM  caoeM  B  npouecce  axcn/iyaTauHH  npaKTHqecKii  He  Ha&moaaeTCH, 
a  npoHHKHOBeHHe  /iHBiieBbix  boa  bo  BHyTpb  Teaa  naoTHHbi  pacnpocTpaHHeT' 
ch  Ha  He3HaqHTe4bHyio  ray6«Hy. 

4.  JX an  3Kpaua  ohothhu,  3a  pacqeTKbifi  rpaaHeHT  Hanopa,  npw  Bbixoae  ipHjib- 
rpauHOHHoro  noToxa  c  hh3oboS  cTopoHbi  axpaHa  b  riepBbn’i  cjiom  (fiH.ibTpa,  pexo- 
xieHayeTcn  npHHHMaTb  (pHc.  9) : 

a)  npu  ycTpoficTBe  HHSOBofi  npii3MW  naoTHHbi  H3  KaMeHHofi  HaCpocKii: 


Phc.  3.  PacneTHbie  rpaaHeHTu  Hanopa 

/-axpo  njiOTHHw;  2— nepexoxHaa  3011a 
(<t>HJbTp);  3 -uarepxaji  npHSMH  iuiothhh;  «— 

VPOJI  H3K30H3  HH3OB0rO  OTICOC1  »3pa  K  rop«30H- 

Ty:  yroa  Meiuy  jmhhcB  nwa  h  hh3oboH 

rpBHbio  upa;  /—rpaaHeHT  Hanopa  npu  aepnt- 
KaibHOA  (CBepxy-BHH3)  (pHHbTpBUHH  BOIU  B 
npHSMe  naoTHHbi;  r  paaHeHT  Hanopa  npH  koh- 

tbkthoh  ipHabTpaiiHH;  /„— rpaaHeHT  Hlnopa  (bw- 
camiBaHHB)  npu  Bbixoae  ipHJbTpauHOHHoro  no- 
TOKa  Ha  HH3OByi0  nosepxHocTb  aapa  b  caoft 
ipHabTpa;  /  “aKC  —to  ace  uaKCHMMbHHft  rpa.TH- 

eiiT  Hanopa  (BucaHHBaHHa)  m  ypoane  aoau  hhih- 
Hero  6be$a  (£~o). 


rae  z —  Hanop,  AeficTByiomHii,  Ha  naoTHHy;  6,  —  ToamHHa  axpana  (no  Hop 
Ma/ni); 

6)  npw  ycTpoficTBe  hhsoboh  npH3Mbi  n/iOTHHbi  113  neciaHo-rpaBHftHo  raaeq 
HHKOBfaix.  rpy htob"  : 


‘P-  8  ' 


04') 


TAe  z’  —  Hanop  Ha  yqacTxe  sxpana  b  MecTe  npnMbixaHHH  xpHBofi  AenpeccHH 
(nocTpoeHHoft  a-w  Te/ia  n.ioTHHbi) ;  59  —  To/muma  axpaKa  no  HopMa/iH. 

5.  B  cooTBeTCTBywuwx  cnyqaHx,  xorAa  B03HHxaeT  HeoCxoAHuocTb  3atKK- 
maTb  3xpaH  c  BepxoBofi  CTopoHbi  (b  CJiyqae  chhwchhh  ropH30HTa  boau  b  Bepx- 
HeM  6bei)>e  r  BNcaqiiBamm  ())HAbTpauHOHHbix  boa  Ha  Bepxosofi  otkoc),  3a  pac- 
ateTHbiA  rpaAHeHT  Hanopa  pexoMeHAyeTCR  npHHHMaTb: 

fp  *  tg  ^  (15) 

rAe  po  —  yroA  uax/ioHa  BepxoBOro  otkocb  axpana  x  ropH30HTy'  (Po<90°). 
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_  6.  nPH  pacMeTax  (npoaepxax)  coctaaa  (pH.ibTpa  Ha  KOHTaxTHbtft  Pa3.vuBe 
BepxoBoro  OTKoca  sxpaHa  (iiaothhu),  nPH  ycAOBHit  nyAbCHpyioiuerp  pexfHMa  k 
npodo.ibHou  $HJtbTPauHH  a  cJioe  (j)HJibTpa  (ot  aaicaTa  h  cnaaa  boahm),  3a  pac- 
MeTHbiu  rpaaHeHT  Hanopa  oieayeT  npHHHMaTb: 

/?  =  *„/*.  06> 

rae  —  K03<p<pHUHeHT,  yqHTUBaioutHH  nyjibCHpyiomHH  peXHM  npoaaibHOif 
$H:ibTPauHH  (no  OTHomeHHW  x  Pa3MbiBaiomeMy  rpaaHenry  Hanopa  npH  paBHO- 
MepHofi  ycTaHOBHBiueficH  npoAOJibHoft  (pHJibTpauHH)  A/— 1,13 — 1,50  (* an  pac--. 

xeroB  peKpMeHflyeTCB  cpeflHee  3HaqeHHe  kn  —1,35);  /* — rpajueHT  a  cnoe 
(pH.ibTpa  ((jjHAbrpoBoft  noaroTOBKe)  Ha  KOHraxte  co  cbhshum  rpyHTOM  Bxpaua 
(hah  BepxHero  OTKoca  iuiothhu)  : 

/K  =  sin  fe.  (17)' 

rae  —  to  ace,  mto  b  <J>oPMyjie  (15). 


T  ji  a  b  a  III.  METOAHKA  nPOEKTHPO.BAHHJt  H  nAftBOPA 
rPAHyjlOMETPHHECKOro  COCTABA  <t>HJlbTPOB  flEPEXOAHblX  30K 

4 

B  npaxTHKe  npoeKTHpoBBHHH  rpaHyAOMeTpHaecxoro  cocTaBa  (pHjibTpoB  ne¬ 
pexoAHbix  3oh  B03HHicaeT  HeoOxoAHMOCTb  peuiaTb  3aAaqy  aah  oahoto  H3  AByx 
B03MOJKHUX  BapHaHTOB. 

B  a  p  h  a  h  t  I.  rpaHynoMeTpHqecKHft  cocTaa  xapbepHux  rpyHTOB,  npeAHa3- 
HaMCHHblX  AAH  VCTpOfiCTBa  (J>HAbTPOB  HepeXOAHblX  30H,  HUHSBeCTGH. 

B  TaxoM  oayqae  rpefiyeTcs  3anpoexTHPOBaTb  rpaHyaoMeTpHHecKHH  co- 
cTaB  (pHAbtpoB  nepexoAHbix  30H  P.A h  BhiCopa  cooTneTcfByioiuHx  xapbepoB  hah 
ajih  3aaaHHa  no  HcxycctBCHHOMy  hx  npHroTOBAeHHio,  Ha  xaMHeapoOH.ibHbix 
3aBOAax.  ;  * 

B  a  p  h  a  h  x  H.  rpaHynPMeTpHqecKHfi  cocTaB  xapbepHux  rpyHTOB  hah  .npo- 
AyKUHH  KaMHeapoSHJIbHblX  33BOAOB  H3BCCTHU. 

B  3tom  cayqae  TpeSyeTca  noAofipaTb  H3  ashhux  rpyHTOB  cooTBeTCTByio- 
iahh  cocras  (pHAbTpoB  nepexoAHbix  soh. 

Hn/Ke  npHBOAHTCH  aah  yxa3aHHUx  AByx  BapnaHTOB  —  m€toahk3  npoexTH- 
p  o  b  a  h  h  a  h  MeTOAHKa  ft  o  A  6  o  p  a  rpaHyAOMeTPHqecxoro  cocTaBa  (pHAbtpoe 
nepexoAHbix  3oh. 

A.  METOAHKA  ItPOEKTHPOBAHHJl  TP AHST AOMETPHHECko  TO 
COCTABA  OHAbTPOB  riEPEXOAHUX  30H 

fl poeKTupoaonue  apanyAOMerpuHecKoeo  cocraea  nepeozo  caoh  tpuAbrpa  nepe~ 
xodHmx  3oh  Saa  ndpa  iiaotuhu. 

§  12.  06nuie  yxa3aHHH.  nPH  npoeftTupoBaHHH  rpanyAOMerpHqecKoro  co- 
cTaBa  MBTepHana  nepBopo  caoh  (pHAbTpa  nepexoAHUX  3oh  h  a  p  a  iiaothhu. 
cAeAyer  HcxoAHTb  H3  rHApoAHHaMHqecxHx  ycAOBHft,  Koropue  bahhiot  hs  <t>HAb- 
TPaUH0HH0-Cy(})(J)03H0HHyi0  npOHHOCTb  H  yCTOftqHBOCTb  HApa,  a  T8K«e  rex  Tpe- 
60B8HHft,  KOTOpbie  npH  3TOM  AOAJKHbl  npeA'bHBARTbCH  X  MBTepHaAV  nepBOTO  CAOH 
IpHAbTpa  AJIH  HH30BO.A  H  BepXOBOft  CTOpOH.  HApa  nAOTHHH  [17,  18]. 

C  hhsoboA  cTopoHbi  HApa  nAoTHHbi  paCora  (pHAbTpoe  nepexoAHbix  soh  npo- 
TexaeT  b  caohchux  rRApoAHHatiHqecKHx  ycnoBHHx,  mo  BUSUBaeT  HeoCxoAHvocTb 
npeA'bHBAHTb  h  Bbicoxne  TpeOoBiHHH  x  rpaHyAOMeTpHqecxOMy  cocTasy  (JiHAbTpoB. 
KOTopuft  AOAxeH  oOecneqHBSTb  nponnocrb  h  naAewHocTb  hap#  nAonraii,  neAo- 
nycxaa  npH  stom  oTpusa  rah  oTCAaHBSHHR  arperaTOB  qaenm  MaTepnaAa  HApa 
b  nopax  <pHAurpa,  pbsmubb  Aapa  no  KORTBXTy  $HAbTpaunoHHHM  noToxou,  hay- 


1  no  ARRHbiM  npo4>.,  -  AOKTopa  TexH.  Hayx  H.  H.  EeAHtueBcxoro  11  xaHA- 
TexH.  Hayx  H.  T.  Byran. 
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uiHM  b  nepBOM  cJioe  4>HJI*»TPa-  KpoMe  Toro,  MaTepnaa  nepBoro  caoa  itmabTpa 
aoaweH  oOecneiHBBTb  caM03aaeMHBa<?M0CTb  TpemHH  b  nape  naoTHHbi  b  cJiynae 
hx  o6pa30BBHUL  -  *  ' 

Mto  we  xacaeTca  nepexoaHoA  sohu  c  BepxoBoA  ctopohu  aapa.naoTHHbi,  to 
3Aecb  cJieayeT  pa3AH>taTb  ab£  yqacTxa  no  BucoTe  aapa  h  ana  pa3Hux  pewHMa 
paCom  (pnabTpa  c  BepxoBoA  ctopohu  nap  a  (pnc.  4).  '  t 

Ha  jeacrxe  sap  a  or  Hny  no  yMO  pewHM  (pH,ibTpsunH  MOweT  cootbct- 
cTBOBaTb  pewHMy  4>iuibTpauHH  HH3oBor.o  oTKoca  aapa  b  tom  cayiae,  xoraa  chh- 
weuHe  ypoBHfl  boah  b  BepxHeM  Cbeipe  CyaeT  npowcxoAHTb  Cucrpee,  <ieM  boao- 
oTAana  rpyHTa  aapa  iuiotbhu. 


Phc.  4.  KaMeHHO-3eMJi«HaH  naoTHna  c  aapoM 

1  KaucHMaa  HafipocKa:  2- aipo  (BKpaH)  iuiothhu;  J-nepsuA  cjioft  vji n -1  t.rpa  ne- 
pcxojuioA  soma;  i—  BTopoft  cjoA  (pHjibTpa  nepexojtHOfl  sohu;  a-  Vto/I  aanoHa  hh- 
aoBoro  otkoci  aapa  k  fopii30HTy;  —  sin  a  rpa.meHT  Hanopa  k  out  a  k  t  m>A  $Hjib- 
TpXUHH  (npH  CTeKINHH  npoipHJikTpoBSBuieflcx  BoaH  no  tjaeepXHOCTH  HusoBoro  OT- 
Koca  aapa  b  nepBOM  cjioe  (t>Hai>Tpa). 

Ha  yqacrke  ox  YMO  ao  ocHOBaHHH  napa  nepexoaHaa  3ona  BepxoBoro  ot- 
Koca  aapa  Cyaer  HaxoaHTbca  b  .  apyroM  H  HaHOoaee  CaaronpHHTHOM  pewHMe 
(pH.TbTpaUHB,  OTAHMHOM  OT  peWHMa  (pHAbTpatjaa  nepeXOAHOft  30HbI  C  HH30B0H 
ctopohu  aapa. 

B  3tom  cayiae  rpyHT  aapa  iuiothhu  b  nopax  tpHai/rpa  6yaex  hc  otph- 
BaTbca  (oTcaaHBaTbca)  (jwJibTpauHOHHbiM  noTOKOM  ot  Teaa  aapa  naOTHHH,  a  npn- 
WHMaTbca  k  reay  aapa,  Tax  xax  HanpasaeHHe  cpHAbTpanHH  npoacxoaHT  b  cto- 
poBy  hh30boA  rpaHH  aapa  naoTKHU. 

KpoMe  Toro,  b  stoA  MacTH  aapa  naoTHHbi  (ot  ero  ocHOBaHaa  ao  YMO)  koh- 
raxTHaa  <J>HAbTpaaHn  Meway  aapoM  H-nepBHM  caoeM  ipHAbTpa'  oxcyTCTByoT.  mto 
HCKAIOMaeT  BOSMOWHOCTb  pa3MblBa  ■  HApa  BCaeACTBHe  KOHTaKTHOl'l  (t)HJIbTpamiH. 

YqHTbiBaa  BbiiueH3aoweHHoe,  npoexTHpoBaHHe  rpanyaoMeTpiiMecKoro  cocTa- 
aa  nepaoro  caoa  (pHAbTpoB  a ax  nepexoAHbix  3oh  aapa  naoTHHw  aoawno 
BbinoaHBTbtB  pa3AMbHo  aaa  HH30Boro  h  sepkoBoro  otxocob,  no  MeToanxe  npn- 
seaenHoft  HHwe.  , 

/.  n poeKTUpoeohue  epoHyAOMeTputecKoeo  cocraea  nepeoeo  caoa 

I  < pUAbTpa  d/I*  HU3Q80B0  OTKOCa  *<?pfl  n.lOTUHbL 

§  13.  OnpeaeiCHM  pacaeruoro  paanepe  nHanexpa  {mabTpatiHOHHux  nop 
rpyirrn  nepaoro  caoa  tnatTpa.  Ecan  xapaxTepHCTHXH  CBHSHoro  rpynTa  hmoot 
raxHe  3HaMeHHn  (cm.  §  7),  npn  xoTopbix  oCecneiHBaeTC*  MoaexyaxpHoe  cnenae- 
Hxe  Meway  arperaTgMH  Macrjiru,  roraa  npn  hbahahh  b  mum/ctom  rpyitre  tpujib- 
TpauHOHHoro  noxoxa,  nayntero  b  BanpaBaeHHH  noacmnaxmiero  caoa  ((pHAbipa) 
c  rpaaneHTOM  Hanopa  I,  hb  arperaTu  csnsHoro  rpyHTa  b  ResammneHHbix  ue- 
cTax-nopax,  CyaeT  aeAcTBOBaTb  ntapoaHHaMHMecxoe  aaBaeHHe,  xoTopoe  cTpe- 
miitch  oTopaaTb  ot  Maccw  cB«3Horo  rpyHTa  xax  OTaeabHbie  MacTHuw,  Tax  n  ue- 
aue  arperaTbi. 
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4to6u  orpuBa  hah  otcvi^hbbhhh  cBH3HQro  rpyma  b  He3autHUieuuux  uecTax , 
(nopax)  He  npoHcxaan;io,  paauep  (anaMerp)  nap  MaTeptttJia  nepaoro  exon 
<j>iU!bTpa  aojiweH  ftbiTb  tbkhm,  np«  kotopom  oOecneMHBaeTCtt  Mo.ieKyaspuoe  ciien- 
aeHHe  Me* ay  arperaTauH  bbcthu  cbhbhoto  rpyHta.  \ 

A.  Ra  0  yciOBHn  HejonyuesKH  OTpuia  hah  orcaaiBauun 
arperaTOB  aa fiun  c  b  a  a  h  o  r o  rpyifi  Ba  KouraKTe  c  rpyaioa 
nepsoro  taoa  (ptcnbipa,  pacwmdk  AHaueTp  nop  Do?"*  naTepn«aa  nep- 
boto  caoa  (JjiubTpa,  3amHiuaiomero  csnsnifi  rpyHT,  aoaxen  onpeaeaXTbca  np 
caeayramefl  3aBHCHMocrn: 

<**>•  (,8) 

npHneM  0,583  cm,  6  =  0°-f-90°. 

nPH  6—0°,  t.  e.  Koraa  HanpaBAeHHe  (fiH.ibTpamm  coBnaflaer  c  HanpaBJie- 
HHe,M  CHJIbl  T/lHCecTH,  BBBHCHMOCTb  (18)  npHMeT  BHfl: 


3aBKCHMOCTbK>  (18')  peKOMeHayeTca  noAb30BaTbCH  npn  npoeKinpoBaHHH  (noa- 
6ooe)  (pHAbTpoB  aan  axpaHoa  iiaothh  (a  Tax*e,  c  HexoTopwM  sanacoM,  a  jib 
aaep  njioTHH) ;  <p  —  onbiTHhifi  K03(p()iHUHeHT  rpaaHeHta  nanopa,  3HaqeHHB  koto- 
poro  —  p)  npHBeaeHbi  b  ia6AHue. 

3HaqeHHB  9  =/(/p) 


t  f  0,15  |  0,30  [  0,25  J  0,30  j  0,35  |  0,40  j  0,41  [  0,42  |  0,43  j  0,44  j  0,45 

f>.  XI  a  a  ycaoBHiT  '«o3Mo*Horo  apnyuteHHB  Hexotoporo 
OTcaa  a  sa  a  k  a  arperaTOB  qacrHu  caaSHoro  rpyara  (cm.  r a.  II, 
$  7,  npHMeqaHHe),  &nn  naoTHH  II — IV  KaaccoB  no 'KanHTaabHOCTH  h  BPeMeHHbix 
coopy*enHft:  1 

£>S‘CH  ~  (CJt)'  <18a> 
npimew  OfJacM  <  1,5  cm,  ft  =•  0°  -*■  30°. 

If  —  pacqeTHbiii  rpaaHfiHT  Hanopa  npH  Bbixoae  H3  cbb3hoto  rpyHTa  b  nepBuft 
cnoii  (pHaibTpa,  onpeaeaneMbift  (pHAbTpauHOHHbiMH  pacqeraMH  hah  mctoaom  3r.UA; 
aan  napa  naoTHHu  npHHHMaeTcn  no  aaBHCHMocTH  (42);  6  —  yroA  Meway  Hanpas- 
aeHHBMH  (jJHAbTpaiXHH  H  CHAW  TBJKeCTlf,  * 

CaeaoBaTeabHo,  pah  roro,  qTo6bi  OTcaanBaHHe  cB»3Horo  (rxHHHCToro) 
rpyrtTa  b  3one  KOHTaKTa  c  xpynHoeepHHCTbiM  MaiepnaaoM  —  (JwnbTpcy*  hah  ae- 
4>opMauHH  (npH  aonymeHHH  nexoToporo  oTcaaHsaHHB)  He  npoKcxoaxao,  3antHTHuft 
caofi  Kpyn«o3epHHCToro  MaTepHaaa  '((pHAbipa)  aoaweH  CbiTb  noaoCpaH  Taxoro 
rpaHy.ioMCTpHqecKoro  cocTaBa,  mo6bi  yaoBACTBopaaocb  ocHOBHoe  ycaoBHe: 

DM,KC  DP.CM>  (19) 

rae  D  — MaxcHMaabHuA  pa3Mep  (jjHAbTpauHOHHUx  nop  xpynHoaepHHCToro  Ma¬ 
TepHaaa —  nepBoro  caon  (J>HAbTpa,  onpeaeaaeMhiii  no  38bhchmocth  (3). 

§  14.  ripoiepxa  itpomhocth  cbbshoto  rpyHTa  h  rpaHyaoMeTpRqecxoro  co- 
cr»a  nepaoro  coon  $nnbTpa  Ha  ocoHTaKTHuA  paaMua  npopoxbHMM  tfmabTpa- 
aaoHHHM  noTOKOM.  a)  <t>HAbrpauHOHHbift  noTOK  na  Buxoae  H3.  nape  rtaoTHHM 
6yaeT  CTexaTb  no  hh3obomv  oTxocy  napa  b  xpynHosepHHCTOM  MarepHaae  nep- 
Boro  caoa  (JmAbTpa. 


CBH3HUH  rpytlT  Hapa  njIOTHHfal,  KOHTaKTHpyeMblH  C  KpynH03epHHCTHM  Ma- 
TepHaaoM  nepBoro  cnoa  <|>H./ibTpa,  He  ao-iaceK  noaBepraibca  xoitraxTHOMy  pa3- 
MbiBy  h  pa3pyuiei(Hio  (pHJibTpauHOHHHM  noTOKOM.  TlosTOMy  npHHHTbifl  no  3aBH- 
chmocth  (18),  (18').  (18a)  hjih'ho  ocHOBHOMy  ycaoBHK)  (19),  rpaHyjioMeTpH>iecKHil 
cocras  nepBoro  cnoa  {jmabipa  c  pacaerHbiM  anaMeipoM  cpnabTpauHOHHux  nop 
DJW*  hah  Z)0MaKC  aoJixeH  Obith  npoBepeH  Ha  npnroaHocTb  no  oCecneaeHHio  npoi- 
HOCTH  CBBSHOrO  rpyHta  npn  XOHTHXTHoft  <{>HJ1bTpaUHH  (Ha  KOHTaKTHblO  pa3MblB). 

6)  CBH3Hblft  rpyHT  C  KHC.IOH  n JlaCTHM HOCTI !  Wn>  7  H  K03(J)<{>HUHeHT0M  B.iaw- 
hocth  G  >  0,80 — 0,85,  KOHTaxTHpyeMhift  c  KpynH03epHHCTbiM  MaTepna.ioM  nep¬ 
Boro  cnoa  (pHjibTpa,  He  6ya£T  noaBepraTbca  xoHTaxtHOMy  pa3MbiBy  h  paapyuie- 
hhk),  ecviH  MaTepHaji  nepsoro  caos  (pH.nbipa  npaofipan  Tax,  hto  npn  npoxowae- 
hhh  b  HeM  (pH.ibTpauHOHHoro  noroxa  co3aax)TCH  TaxHe  rHapoflHHaMHqecxHe  ycao-  . 

BHH,  npH  KOTOPUX  He  HapyUiaX)TCB  npoMHOCTb  H  yCTOHMHBOCTb  CBH3HOro  rpyHTa. 

flaa  ye.ioBHft  Heaoiiymemisi  paaMuea  b  30He  xoHraxTa  cBH3Horo  rpyHTa 
c  xpynH03epHHCTbiM  waiepwaaoM  MaxcHMaabHbifl  pa3Mep  nop  b  HeM  A,“8KC  aoa- 
*eH  ObiTb  TaKHM,  HTofibi  yaoBaeTBopHJiocb  caeayiomee  ycjioBne: 

/K  <  0,75/„p,  (20) 

rae  IK — pacwrHbiii  rpaaneiiT  Hanopa  b  xpynH03epHHCT0M  rpyiue  na  xoHraxTe 
CO  CBH3HWM  rpyHTOM  npHHHMaeTCH  no  33BHCHMOCTH  (13);  l Kp — KpHTHieCKHfl  rpa- 
aneHT  Hanopa  hah  cbh3hoto  rpyHTa  xoHTaxTHpyeMoro  c  xpynH03epHHCTWM  Ma- 
TepHaaoM:  > 


4p  V  orKC 


■  0,75, 


(21)  _ 


rae  D“‘Kt  b  cm  —  onpeaeaflercH  ho  33bhchmocth  (3),  npwMeM  Z)“aKC«l,8  cm. 

b)  Ecah  ycaoBne  (20)  He  yaosaeTBopHeiCH,  sro  yxasbiBaeT  Ha  to,  Mio  npu- 
HHTuii  rpaHyaoMeTpHHecxHii  pocras  rpyHTa  nepBoro  taos  (pwabTpa  no  ycao- 
BHHJ  (19)  caeayeT  H3MCHHTb. 

llna  HaxowaeHHH  Hosoro  cociaBa  nepBoro  cjioh  (jwabTpa  nocTynaeM  cjie- 
ayiomHM  otipaaOM.  M3  3aBHCHMOCTH  (20)  onpeaejiaeM  aaa  aaimux  xoHxpeTHUx 
ycaoBHti  ma'ieHne  l*9'  xoTopbiH  OyaeT  paBeH  :  0,1fc.  flaaee,  sto  3HaaeHHe 

noaCTaBaaeM  b  3a BacHMOCTb  (21)  h,  pernaa  ee  OTHocHTeabno  D"altc,  nojiywM: 

0  56 

1  D«*KC  <  (/K  +  0,56)2  (CM)-  <22) 


HoBbii'i  rpaiiyaoMCipHHCCKHM  cocTaB  nepBoro  caoa  (pHJibtpa,  MaxcHMajibHbiii 
pa3Mep  nop  xoToporo  cooTBeTCTByeT  aaBHCHMOc^H  (22),  6yaeT  yaoBaeTBopaTb 
OCHOBHOMy  ycaOBHK)  (19)  H  ycaOBHK)  (20). 

r)  HaxowaeHHe  pacaeTHwx  pa3MepoB  (^paxurn'i  (D m,  Dn,  D h  £>iw)  ash- 
noro  cocraBa  rpyHta  h  noctpoeHHe  ero  xpHBofi  rpaHyaoMeTpHMecxoro  cocTaBa 
npHBoaHTcn  HHJxe  b  §  15,  Toabxo  b  38BHCKMOCTb  (23)  BMecTO  Oi)PacH  noACTaB- 
jiaeTca  Dn*UKC,  noAyaeHHoe  113  33bhchmocth  (22). 

§  15.  lyieTOAHxa  onpeaeaeHaa  pacieTHUx  pa3Mepos  ippaxitHA  h  nocTpoeHHe 
<3ohu  AonycTMMoro  rpaHyaoMeTpaaecxoro  cocTasa  rpyHTa,  nparoaHoro  aah 
neptoro  caoa  <pHAbTpa».  B  ocHOBy  mctoahxh  npoexTHpoBaKHn  rpaiiy.ioMeipH- 
necxoro  cocraBa  nepsoro  caoa  (JjHabTpoB  nepexoaHbix  30H  npHHBTo  ycaoBHe  h  e  - 
AonyuieHHH  aeijjopMauHi'i  cbb3hoio  rpyHTa  b  30ne  xoHTaxTa  c  MaTcpnaaoM 
nepsoro  cjioh  d)H.ibTpa.  3to  ycaoBHe  onpeaeaaeTca  saBHCHMOcfaMH  (18),  (18'), 
(18a j  (22)  H  (19). 

Hcxoaa  H3  npHHnroro  yc-ioBun  Hn>xe  npHBOAHTca  MeToaHKa  onpeaeateHMa 
pacietHhix  pasMepoB,  ochobhmx  4>paxtiH ft  nepBoro  caoa  (pHabTpa: 

a)  3«aa  H3  33bhchmocth  (18),  (18'),  (18a)  OR*''1,  HaxoaHM  pa3Mep  4>pax- 
nntt  D„  nepsoro  caoa  (paabTpa  H3  ochobhoto  ycaoBHa  (19),  noaciaBaaa  BMecTo 
£>o*kc  1,3  aaBHCHMOCTH  (3)  ero  aHaaemie  h  pernaa  ee  b  otHoinerfHH  Dv  nony- 


hhm; 


D„. 


(23) 
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.5SZ  1~"* 


h  — — 

r  ae  x  —  npHHMMaetcH  no  33BH(^i>(octh  (4);  C—  0,455y  — npHHHHaeTtn 

cor.iacHO  saBHCHMocTM  (9),  §9;  —  aonyctHMan  nopHCTOCTb  MaTepwaxa 

(})HJibTpa:  ,  . 

=  «o—  0,1  lgrl(|),  (24) 

rae  n0  =  0,40  —  ajih  necHaHO-rpaBHftHo-ra.ieqHHKOBux  rpyHTOB;  n0  =  0,45 — aaa 
uie6eHoqHbJX  rpyHTOB. 

6)  JleftcTBywmHft  flna.MeTp  (ppaKUHH  nepBoro  cnoa  (piuibtpa  onpeaeanetcn  na 
COOTHOUieHHH 

Dl0  =  iDl7,  (25) 

npHqeM  K09i}><|>HUHeHT  l  HaxoflHM  H3  rpaiJmKa  i  =  f  (Diuj D,7),  (pnc.  5). 


Phc.  5.  rpa$HK  rl=f^-jy- 


b)  KoiiTpaaHpyioiuHft  anaMc^p  chpaKunfi  nepBoro  cjioh  tpMJibTpa  onpeaeJisicT- 

CH  H3  yCAOBHB  ,  . 

Dm  =  >Ao.  (26) 

r)  MaKCHMaabiibiH  anaMeip  (JjpaKUHfi  nepBoro  cjioh  <|>HJibTpa  DMaKC  =  01#o 
caeayeT  onpeaeaHTb  no  33bhcmmocth 

Aao  <-  Ao  +  10*  Ao  ,  (27) 

rae  x=  1  +  1,28 1  g  £>10  H  Dm  —  pa3Mepbi  (ppaKunfi,  noayqeHHue  no  3aB«- 

CHMOCTHM  (25)  H  (26).  « 

a)  flo  nonyqeHHUM  pacqeiHbiM  SHaqemtsM  Dio,  D ,7t  Dw  h  Dim  qtpohtch 
paoeTHaH  KpnBafl  rpaHyaoMexpHqecKoro  cociaBa  rpytiTa,  npnroaHoro  Ann  nep¬ 
Boro  OIOH  (pH-TbTpa  (KpHBSH  0,  pHC.  6) . 

e)  JIaHHbifl  cocTas  rpyHTa,  yaoweTBopaeT  ocHOBHOMy  ycaoBHio  (19),  t.  e. 
D,jaKC<  D§*c'1,  mto  cooTBeTCTByeT  caMO&  HeBwrdaHofi  ero  pacwiaaKe  aan  npH- 
HHtoro  pacnetHoro  3HaMeHna  Koa<J><|)HUneHTa  pa3H03epHHcroctH 


jk)  n<MyMeHHaa  pacMCTnaR  KpiiBan  <S>  aoJUKHa  HBAHTbca  «iihjkhhm  npeae- 
aom»  aonycTHMoro  rpanyAOMeTpusecKoro  cocxaBa  rpyHTOB,  npHroanux  ana 
ycTpoficTBa  nepBoro  caoh  4>HAbTpa. 

OTKAOHeHHe  KpHBoii  rpanyaoMeTpHRecKofo  cocTaBa  rpyHTa  b  n  p  a  b  o  aa 
npeaeA*  kphboh  0  ne  aonycKaeTesi,  TaKoft  cociaB  rpyHTa  aasi 
-nepBoro  caoh  (pHAbtpa  HBAnetCH  HenpHroaHUM. 


Phc.  6.  PacHeTHbiii  rpaHyaoMeipHiecKHti  cocTaB  rpyHTa  nepBoro  caoh 
'  iJniabTpa  nepexoaHhix  30H 

/--cixuhwA  (ran  hhc  tuA)  rpyHt,  3aiiuiraaeMuA  ipiubTpoM,'  <P-pacieT»ufl  rpany/ioMr I jm- 
HecKiiA  cocras  rpyHTa,  iipnroaiioro  M»  yaaaaKH  b  nepiiuA  c.ioA  ipmibTpa  c  rj^*c'1  (hhw- 

hh#  npeaea  .sohh-);  /-30Ha  aonycTHMoro  rpaHyjioueTpHiecKoro  cocxaBa  rpyHTa,  npH- 
roflHoro  r .m  y kabakh  b  nepBuA  caofl  ipHabTpa;  I  -  rpyHt,  itphtoahuA  aa*  yKAaiikH  b  nep- 
buA  cjoA  tpHabTpa  ijip  =  ’l^CM  (BepxHH#  HpeAta  *30hh*);  2-rpyHT,  n pnroAHuA  a-m  yic- 

aaaKH  b  iicpauA  cjioB  cpnm.Tpa  c  -•  i,Pac<<;  a— o6.i»cti,  aoiivcthmux  p43xepoB  mm- 
KHX  (ppaKUHA  0(<D,„  (1(1%)  B  COCT8BC  IpHAbTpa  (OT  0M),M  =*0fl05  40  Ow  MM). 


3)  Bee  rpyHTw,  xpHBue  rpaHyaoMeTpHHecKoro  cocTaua  kotopux  yK.iaau- 
BaiOTCn  CaeBa  OT  KpHBOH  0  H  HMCIOT  K03(})(j)imHeHT  pa3HOaepHIICTOCTH 
hah xi<p<'iRac'1  (KpnBbie  J  n  2,  pnc.  6)  hbahwtch  npHroaHWMH  bah  nepBoro  caoh 
(pHAbTpa.  Taxwe  rpyHTbi  awaaiOT  3HawHTeAbHUti  3anac  no  o6ecneneHHio  cpHab- 
TpauHOHHoii  npoMHocTH  3amnmaeMoro  CBA3Horo  rpyHTa;  no  cpaBHemno  c  rpyn- 
TOM,  COOTBeTCTByiOlUHM  paCMeTHOH  KpHBOH  0.  "  / 

OaHaxo  3iiaHHTeAbHoe  OTcTynAeHHe  ot  pacneTHoii  kphboh  bacbo  3a  npeaeAbi 
KpHsofl  /  (OoAee  MeAKHft  rpanyAOMeTpHRecKHii  cocraB  IpHAbTpa)  mohcct  noTpe6o- 
83Tb  aonoAHHTeAbHoro  caob  nepexoaHofi  3011  bl. 

OTCTynaeHHe  ot  pacneTHOti  kphboh  0  peKOMeHayeTcfl  b  npeaeaax,  ksk 
yxa3aHo  Ha  pnc.  6,  xpHBas  /,  <ito6Ri  pacMeTHbiii  pa3Mep  <})paKunft  xpH- 

boH  0  cootb€tctbob3A  6h  pa3Mepy  4>paKunii  D\ KpHBoii  /,  a  pacieTnwii  paa- 
Mep  c|)paKUHH  Djp''1  KpHBofi  0,  pasMepy  $paKUHtt  D'3i  KpHBoii  /,  t.  e.  £>§JC1,= 
=A»'  H  Of0KM  =  Z?3j'.  Toraa  .KpMBaa  /  6yaeT  HBAHTbca  ,  BepxHHM  npeaeaoM" 
aonyckaeMoro  rpaHyaoMeTpHHCCKoro  cocTana  rpyHTa,  npHroaHoro  aaa  yK.iaaKH 
A  nepBbift  caoR  dmAbTpa  (30Ha  /),  puc.  6. 

h)  MeaKHe  ippaKUHH  b  cociaBe  nepsoro  caoh  ijiHAbTpa  b  KOAHMecTBe  10% 
(no  Becy)  anaMeTpOM  D<  MoryT  hmctb  aiofioft  pa3inep,  MeHbuiHft 
HanpHHep,  ot  0,005  mm  ao  Df’CL|)  cm.  ofiaacTb  a,  phc.  6. 
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Ka.=  a  n*3  «  „  ,  .  . 


(I  —  flip)1  D,?  (t-*tw4 


4  J  --  l‘-n^  (28) 

4-~.  \  ^  .  - . 

♦”«  -  «p* 

necMaHo-rpaBe^HCTbix  rpyHTOB  SWA^o'  ,^p^paBeAHOro  PeK°MeHjiyeTca: 

X  KMHeM3TH»iecKH>i  Ko3d>AHmfeHr  \u«™H  lue6eH0MHb*X  rpyrnop  ®.=035— 040* 
4>opMyjie  A.  H.  IZaTpamJ?  *  BR3K0CTH  B0^'-  «*&;  *>„.  cJwJS 

;f ^  Sir ; rr 

pyHTa  caeayeT  npoaepHib  Ha  iienatuun  '  T°  8  TaK0M  wryiae  aamiuii  cocras 
^HflbTpaUHOHHMM  HOTOKOM,  T3K  «T( „ ™ 1 *°CTb  KOHTaKTHofl  30Hbl  npOAOJIbHWM 
»oro  KowfecTna  iweaKtix  uJ„J  1,  „  8  cayqae  Bbmoca  «3  era  cocTaBa  jnaMHTP^. 
Boctb,  Hero  aonycKatb  Heab3H.  6T  H3Dyi"HTbcs'  ero  npoMHocTb  h  ycTofi«in- 

6)  npH  npoaoabHOH  ibHJIhTDailH,,  It  „  ”  1 

.  ^  0,0032  sin  a  . 

"ci  =“  —  /it 

?«  n,)K,  '  (29) 

To’  =  0,30(7,—  l)/ 

4  =0,82-1 ,8n, +  0.0062(^-5),  (30) 

r>  4  '  noP,,CTOCT*>  rpyHra  itepeoro  Mos  ibmbTna'f9  ’,ilpa  K  r"PH3on- 

’ll  ko HMeuT  pa3H03epnHCT0crn  nrnunr  ^  pa  JIojihx  earntmibi) 

nr,r  ^hrm  nepBoro  caoTZbrna  r  .  **•«*«  **  ~^Un' 

A *2,60 — 2,65  ^  ^  oSt^mbwiIi  bcc,  y*=A(l n) 

ECJIW  >Kt?  VCJIOBHP  /o o\ 

nptWBccTH  AonojimtrejibHyio  npoBep^s0^?^0  B  TaKOM-  «eo6xoaHMo 

'ar8H°e  PelJ,eHHe  0  npHroaHOCTHP«L  HennHroIt!3.  K0T°P0H  nPHBHMaeTC«  OKOH- 

noaofSpamioro  rpaHyaoMerpHnecKoro  rr>rTaiTi)Hr0JlH0CTH  3anPo6KTHpoBanHoro  Han 
™Ro»  o°™"  T;P-ya°MeTpB,eSa8earorSanePB0r°  ^  ‘t',MbTPa 

n2”  npocKTHpoBaHHH  HJiH^oi^ne  ?D°aHv,PnLVUno^Bercfl  B  T0M  cJiyuae,  earn 
c^on  <JwjibTpa  ocHOBHoe  yc^oBHe  / 1 0)  nn\uu  TPHWCKoro  cocTasa  rpyHta  ncpaoro 
a  fournc  4^(0^  y  CH0  C  33nacOM'  T-  pX 

«3  3 a n poeKT HpoB^HHoro^Ba vi  noaoCpaHHoro*' rST  "^°BepKy  nP«HHMaeH.  mto 
ra  nepaoro  c.ioh  (jwabTpa  BHHeceHw  .op  OMefpHqecKoro  coeiasa  rpvH- 

onpeae^eH  no  38bhchmocth  (29)  MeaKHe  Hac™uw,  pa3Mep  xoropbix  P  rfc) 

™»%™™p*He£HM%  Td*  ^VH°Bblft  rPaH^OMeTPHHeeKH(> 
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MieM  aHaieiwH  Dn'  h  t|>  h  no  saiHCHMOcTH  (24)  onpeflMflen  nopncrocTb  n‘$. 
no  noJiyneHHUM  napauerpaM  H3  3aeHCHM0CTH*(3)  onpea&naeM  D0 

Ecjih  0Ka*eTcn,  mto  Z)J*CW,  TonepBOHa4MbHHfi  rpaHyjiOMerpHqe- 

ckhA  cocraa  rpyHTa  nepaoro  cjioh  (JmjibTpa  (pnc.  7,  kpubbii  /),  noay<WBHuA  as 
ycAOBHH  (19),  cjeayeT  cwTaTb  npHroAHuii. 

Ecjih  we  oKaweTca,  it6  ycJioaHe  (19)  He  yAOBxeTBopaeTCR,  to  b  tbkom 
cjjyxae  cjieayeT  Ha3HaiHTb  hobhA  rpanyaoMeTpHiecxHA  cocraB  rpyHTa  nepaoro 
cjioh  (pajibtpa  (cm.  HHHce  n.  r). 


Phc.  7.  K  nojtftopy  rpanyaoMpipHtecKoro  (^jctasa  rpyHTa  nepBoro 
cjioa  4>H«bTpa  nepexoAHbix  aoH 


r- ceesawft  (raemiCTu#)  rpjrai,  anunuemiA  $hjmpom;  /— piceemi*  rpeHyao- 
MCTjHnecxeR  cocna  rpjran  nepaoro  uo*  ipaJUTpi;  S-rpanyjoweTpaqecinift  co*  . 
ctib  rpyHTa  nepaoro  caoa  funpt,  m  aoTOporo  Muecenu  ace-  nacrHou  paanepox 
MeHbme  rfcj;  3—  noiiyqeimiR  noeuR  cocrae  nepaoro  caoa  cpwaaTpa  hs  ycaoBHa 

</ci=0*„  (e  oraecoM  xpynmjx  (ppjucuHfi  >  0"MIKC).  >  . 

r)  HobuA  rpaHyjloMeTpH4ccKHH  cocraB  rpyHTa  nepBoro  cjioh  (pHJibTpa  na- 
sHaqaeTcn  «3  ycjioaHH,  hto  del  *=0|7"  (pHc.  7,  xpHBan  3).  3hbh  Dn",  no  3hbhch* 
mocthm  (25),  (26)  h  (27)  onpeAeJiHxrrcH  tppaxiiHH  Dn,  D„,  D, 0  h  D,„-  Flo  no- 
jiyqehHWM'  pa3MepaM  cppaKUHA  Dio,  Dn,  Du  h  Dm  crpoHTcH  NOBan  xpntaH  rpa- 
HyJtOMerpHqecKoro  cocraBa  rpyHTa,  xoiopyio  cJieAyeT  npHHHMaTb  3a  p  a  c  q  e  t  - 
h  m  A  rpaHyjioMeTpHqecKHfl  cocraa  nepsoro  cjioh  4>  h  ji  b  -t  p 
/(aHHbiA  'cocraB  (pHJibrpa  6y.neT  yAOBJieTBopHTb  ochobHhm  ycjioBHHM  (19),  (20) 
h  (29). 

S  17.  yoaoBNe  cano3ajKqNaaeMocTN  rpeniHH  a  Rape  (sxpaHe)  bmcokhx  nao- 
THH.  a)  B  BblCOKHX  H  CBepXBbiCOKHX  njIOTHH8X  C  TOHKHMH  BApaMH  (SKpBHaMH). 
pacnoJioJKeHHfaix  b  y3K0M  xam»oHe  c  WpyTbiMH  cxjionaMii,  BCJieACTBHe  6ojii>uihx 
h  HepaaHOMepHux  Ae^opMauqA  h  paaHOCTH  ocaAOK,  a  Taxxce  ceAcMHiecxHx  hb- 
JieHMfi,  a  HexoTopbix  cjiyqaxx  bosmojkho  ofipaaoBaHHe  OTAejibKux  MecTHMX  Tpe- 
iuhh,  xoTopue  HewejiaiejibHbi,  ocoGchho  b  hh3oboA  rpaijH  HApa  Ha  jtoHTaxTe 
c  oGpaTHUM  (pHjibTpoM  nepexoAHoA  30hu,  xax  noxaaaHo  Ha  pnc.  8. 

6)  B  TaxHX  cjiyqanx,  mtoCu  KOHTaxTHaH  3ohb  canaHoro  rpyHTa  »Apa 
(sxpaHa)  nAOTHHU  «e  pa3Mhiaajiacb  4>HjibTpaiiH0HHHM  noToxoM,  bmxoahiuhm  no 
TpenjHHe  b  cjioA  4>HJibrpa,  (JjHJibrp  nepexoAHoA  3ohh  aojuxch  OuTh  aanpoexrHpo- 
B3H  h  yjrojxeH  raxoro  rpanyJiOMeTpHHecxoro  cocTaBa,  npw  kotopom  buhochmup 
(pHAbTpaUHOHHMM  notoxoM  arperaTu  cBH3Horo  rpyHTa  hjih  oTAeaBHue  ero  qa- 
cTHUbi  He  npoxoAHJin  qepe3  cjioA  <}>HJibTpa,  a  xoJibMaTHpoaajiH  6 hi  ero  b  oOxacTH 
TpeuwHU  (pnc.  8)  h  raxHM  ofipaaoM,  cosAaaajincx  6u  ycaomr  A Jt x  3/uie- 
iibibxi  ctaot  rpemaRH. 
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a)  OieaoaaTMbHO,  aanpoeKTHpogamibiA  hah  noao6ptmwk  rpaffyaoHeTpHW- 
cKHft  cocTaa  nepBoro  caoa  <piuu>Tpa,  yfloweTBOpatomm'i  s  tbkhx  cayiaax  TpeOo- 

bbhhhm,  npeaiHaaneMUM  k  <pwibTpaM 
^.nepexeAHUx  30H  bucokhx  m  caepxau- 
cokhx  nxoTHH,  6wTb  npoaepeH 

Ha  ycjioBHe  KOJibMaTHpyexo- 
CTH. 

‘  r)  Ecjih  aanaufi  3anpoeicrHpoBaH 
Hhift  hjih  nofloPpaHHbiH  rpanyjioMeTpH* 
MecKHfl  cocraa  cpH.ibTpa  momcct  Atm 
3aKOJlbMaTHpOB8H  BblHOCHMUMH  H3  Tpe- 
uihhu  aapa  (axpaHa)  naonmu  uejiKH- 
v.h  nacTHttaMH,  to  TaKoA  cocTaa  tfmjib- 
Tpa  caeayeT  cMHTarb  yaoBJieTBopnio- 
UIHM  aaHHOVV  VCJIOBHtO. 

/•  a)  Ecjih  aaHHoe  .ycjioeHe  He 
yaosjieTBopiieTCfl,  to  3anpoeKTHpoBaH- 
bbifl  hjih  noaoCpaHHUfi  cocrae  4>HXbT- 
pa  aoawen  6uTb  MMeHeH,  mto6u  no- 
ayMeHHbifi  hobuA  coctbb  yaoBJieTBopmi 
6hi  ycaoBHio  KoabmampyeHocTH. 

e)  ycaoBHe  Kojibuarnpy 
e  m  octh  (aaaeHHBaeMoCTH  TpcuuiH  | 
OyaeT  BhinoaHeHo  b  tom  cayqae,  ec.TH  sanpoeKTKpoaaHHbift  eoctas  nepsoro  cjioh 
4'HAbTpa  fiyaeT  yaoBaer BopoTb  caeayiouieMy  KpHTepmo  KOJibMarnpyeMocTH: 

At  26,5  (li — ’hq) 

dm  **  „ .  «/—  »  (32) 


Phc.  8.  Cxena  3axexHBaHHa  TpewHH 
«apa  nxoTHHU 

I— »apo  luonurn;  2-nepexoAHU  stmt  (tpiubrp); 
3- npH3Mi  naOTHHU:  4  -  TpemHHi  b  upe  njin- 
TMHM;  '5-3«K0.1bM*THfHlB«HHH  ofiaiCTb  P  IpHJIk- 
Tp<  (nepexoxHoR  3ouu). 


rae  At — AHaiieTp  aaciHU  rpyHTa  otipaTHoro  <|>iMbtpa,  MeHbuie  KoTopwx  b  ero 
cocTaae  coaepacHTCH  17  M-  no  secy;  —  nopHcrocTb  rpy«Ta  oApatnoro  $»xb- 
Tpa,  b  aojiax  eauHnuu;  —  KoaMmiwem  pa3H03epnucT0CTn  rpyHTa  ofiparnoro 
(pH.ibTpa;  doo  —  awaMeTp  KoabnaTHpyiomHX  nppBwl)  caoS'^HabTpa  mscthu  rpyH¬ 
Ta  aapa  iijiothhu,  Menbine  xoropbix  b  ero  cocTaBe  coAep*nrcn  90*  no  ae'cy; 
dwvd^p  hjih  dm^(0J-—0,\)  d^\  rae"*235p  h  d|Jp  -  pasxep  arperarnux 

cocTasoa  raHHHcToro  rpyHTa  npH  ero  pa3MHBe  (npHieu  Kos4>4>HUHeirr  0,2  coot* 
BeTCTByeT  rpyHTy  c  hhcjiom  naacTHHHOptH  ^=5—10,  a  0.1— ff’n>10). 

Ecjih  b  HepasencTBO  (32)  bmccto  dK  no&CTaBHTb  ero  cpeawee  waveHHe,  au- 
paaceH^e  arperaTHocTbio,  t.  e.  dgo»0,15dgJp,  to  ycaoBKe  KoxbMatMpyeMocTH 
nepBoro  caoh  4»HJibTpa  arperaiaMH  cBBSHoro  rpywra  6yaer  kmcti,  caeayiotKMA 
B«a. 


At  ,4  (!-«») 


(32') 


rae  6yKBeHHHelo6o3Ha<ieHH)i  Te  *e,  <rro  h  b  (32). 

*)  Ecvjh  ycjioBne  (32)  He  yaoBaeTBopHeTcn,  to  b  tskom  cayiae  cacayer  H3- 
MeHHTb  3anpoeKTapoBBHHbifi  (noao6p  shhuA)  rpaHyaoMerpHqecKHA  coctbb 
IpHabTpa,  npHHHB  3a  pacleTHUA  pS3Mep  AHBMeTp  (ppBKUHH  At  H3  38BHCHMO- 

Cth  (32),  r.  e. 


At< 


26,5  (1) —  itf) 


(33) 


OcTaabHue  paaMepu  ochobhmx  panemux  (ppaxunA  xpHaoA  rpatryaoMeTpMw- 
CKoro  pocTBaa  (pHabTpa  Ao,  Oeo  k  Oim  onpeaeaxiOTCB  no  aasiicHMoCTRM  (25), 
(26)  a  (27). 
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DoJiyteRguA  tskhm  o6pasoM  hobuA  rpaayjKMierpHwcKMft  cocraa  nepaoro 
cjioh  4>xjibTpa  Oyaer  yAOBAenopHTb  ycaoBRio  KUbMarapyeMOCTN,  a  cjiejjoaaTMb- 
ho,  h  aajiefHaaeuocTH  rpeuiHH 

rio^ywHHyio  pacMTHyio  KpHayio  rpaHyAOMeTpHiecxoro  cocraaa  cneAyer 
npHHHMBTb  3a  HHHtHHft  npeaeA  ,(phc.  6,  xjmaaH  <P)  oohu  AonycKaeMoro  rpany- 
^oMerpHwcKoro  cocraBa  rpyiira,  npwroAHoro  am  yuiaAKH  a  nepsuft  cJioft 
4>HJIbTpa>. 

npHMenaHHe.  AshhuA  §  17  BKAioqeH  a  cocraB  HacToauiHX  «Vna - 
33hhA»  Kax  peinemie  nocra&neHHoro  Bonpoca  o  bosuoachocth  oOpaso- 

BaHHH  TpeUlHH  B  Hflpe  HJIOTHHW  (4TO  MBAOBepOBTHO,  OCOCeHHO  CKBOSHUX 
TpeuiHH)  u,  ecjiH  TaKOBbie  ofipaayioTcB,  to  xaKHe  aoajkhhChti.  npeAycMOT- 
penu  Mepy  no  hx  caMoaaae^HBaHHio.  , 

npocKTHpoBaHHe  hah  noAOop  cocTaBa  nepBoro  cjioh  (pKAbrpa  H3 
ycAOBHH  ero  koa bM pTHpycMocTH  cbb3hum  ppyHTOM  nApa  npH  ero  pa3Muae, 
AaeT  aHaHHTBAhHbjH  3anac  b  fipoiHocTH  h  hhacikhocth,  aainumai-Moro  hm 
«Apa  (SKpana)  nAotHHH. 


II.  fl poenTupoeatwe  cpcmyAOMeTpwiecKozo  cocraaa  nepeoeo  cjioh 
tpuAbrpa  d.M  sepxoeoeo  oritoca  ad  pa  naoruma  ' 

$  IS-  Ofl«He  yaasaHHa.  IlpoexTHpoBaRHB  rpanyAOMeTpH<iecKoro  cocTaaa 
nepsoro  caob  (pHAbTpa  nepexoAHOft  30hh  Ann  HApa  tuiothhu  c  >epxo>oii 
cTopoHbi,  Kax  yxasaHo  a  §  12,  peKOMeHAyercn  BunoAHHTb  aab  AByx  yiacTxoa  no 
BbicoTe  HApa,  t.  e.  am  AByx  pasmix  pexHMos  paSoru  diHAbTpoB  118]. 

flepBbiA  yqaciOK  — ot,  otm.-  HOY  ao  otm.  YMO  (p«c.  4). 

1.  Ha  abhhom  yiacTKe  HApa  iiaothhh  pexcHM  (pwibTpauHH  momcbt  cootbct- 
cTBOBaib  puKimy  (pHAbTpamiH  HH3OB0ro  oTKOca  HApa*  tom  cAyiae,  kotab  chh- 
weHHe  ropH30HTa  boah  b  aepXHeM  6be<pe  6yper  npoHcxoltHTb  OucTpee,  qeM  boao- 
oTAaxa  rpyHTa  HApa  nnOTHHM. 

B  3tom  cayqae  rpaiiyjioMeTpit'iecKHft  tfocTaa  nepsoro  caoh  4>nnbTpa  am  Bep-. 

XOBOft  CTopoHbi  HApa  AOAHCeH  yAOBAeTBOpHTb  BCeM  TpefiOBaHHHM,  KOTOpbie  npeAb- 
HBAHIOTCS  K  nepBOMy  CAOIO  <tMAbTpa  A  AH  HH30BOIX)  OTKOCS  HApa. 

y^HTbiBan  3To  noAOHceHHe,  rj>a«yAOMCTpH<iecKHA  coctsb  nepexoAHofi  sohm 
HB  ABHHOM  BepxoBdM  yqactxe  HAP«  (ot  V  HITY  ao  V  YMO)  caeAyer  npoexTH- 
pOBBTb  HAH  nOA0HpaT,b  (HAH  npHHHMHTb  no  SKaAOTHH),  KBK  AAH  HH3OB0TO  OT- 
xoca  HApa  nAoTHHU,  no  MeToAHKe.  K3AOWeKKOK  b  f  13—16, 

2.  npH  nocroHHROM  ropH30HTe  BOAU  b  BOAOxpBHHAHiue  (b  BepxueM  6be(pe) , 
HAH  npH  HBAAeHiaUieM  oHoCHOBBHHH,  HTO  npH  ROHHHCeHHH  r0pH30HT»  BOAU  B  BO' 
AoxpamuiMme  He  OyAeT  npoHcxoAHTb  BUcaMHaagne  cpriRbTpauHOHHUx  boa  Ha 
aepxoaofl  otkoc  HApa,  npoexTMposaHHe  hah  noa6op  rpaHynoueTptMecxoro  co- 
cthbb  nepsoro  caoh  $iun>Tpa,  b  3tom  cAyiae,  MoryT  Outs  BunaiuteHU  kbk  aah 
BToporo  yqqcTxa  haP«  haothhh  ot  otm.  yMO  ao  ero  ochobbhhh,  no  MeroAHKe. 
H3AOWeHHoA  HHJKe  b  $  19. 

3.  OAH8KO  npH  KpynHOOfiAOMOHHOM  M8TepH8Ae  BepXOBOH  npH3MH  nAOTHHU 
cAeAyeT  yqHTuearh  Bo3Mo*HocTb  npoHHKHOBeHHH  p  bahhhhh  nyAbcaiiHii  boau 
(ot  HsxaTa  h  cnana  boahu>  na  nepexoAHyx)  aoHy. 

B  TaxHx  cAyqaax  Ha  yiacTKe  Bepxosoro  oncoca  HApa  Ha  bmcotc  naxaTa  h 
cnaAa  boahu  aoa*hw  Outb  npeAycMorpeHU  cooTBeTcrsyiomHe  sautHTHue  Mepo- 
npHHTHH  (4>HAbTp  HeCyijMpOSHOHHorO  COCT8Ba,  AByXCAOAHblA  (pHAbTp  H  AP-). 

B r o p o ft  ytacTOK  —  ot  otm.  YMO  po  otmctkh  ochobshhh'  HApa 

(PHC.  4). 

B  nepHOA  9KcnAyaTBUHH  Ha  AaHHOM  yiacrxe  ofipasyercn  rax  HiawsaeMaH 
cMeprBBH  soh8»  tu£  He  npoHcxoAHT  KOAe6a«He  ypoBHH  boau,  a  nepexoAnaa  ao«a 
paflbTaer  no  npHHUHny  <npaMoro»  4>HAbrpa,  t.  e.  HanpaBAenHe  4ixAhTpauHH 
hast  ne  ot  neAXoaepHHcroro  coctsb*  rpyHTa  x  xpynHosepKHCTOMy  («o6pantuft» 
(pHAbTp),  a  HaodopoT  —  ot  KpynH03epHHCToro  cocTaBa  rpyHTa  x  MeAKoaepmi- 
CTOMy.  / 


B  btom  Myiae,  icax  yxaaaHo  a  f  12,  (pHjibTpaiutoHHhiA  dotok,  aosxeAcraya  rs 
royHT  HApa,  .OKaauaaeT  nanoxcineabaoe  mkrhik  Ha  np6qnocTb  MaTefwaju  axpa. 
ycsoBKH  paGbro  nepexoAHoA  30hw  hb  ashhom  yqacrxe  HBAHmcH-HaHGoxee  Gxa- 

rOnpHRTHUMH,  IK)  cpaBHeHHK)  C  HH30BHM  OTKOCOM.  IlOBTOMy  TpeSOBaHRR  k  Ha- 

sRaieHHio  nepexoAHoA  30na  «  k  ee  rpaHynoMerpHqecKOMy  cocraay  NaiepKaxa 
aojijkhh  6uTt  apyrne,  HaHfkviee  noHHxemibie  (HC&moaaeTCH  BUcaaRBaMie  (Jwxb- 
rpauHOHHoro  noToxa  Ha  otkoc,  o’rphiB  hjih  oTcaaHBaRHe  MarepHaaa  upa  a  no- 
pax  <J)HBbTpa,  KOHTdKTHIilA  p33MUB). 

f  If.  flpoeRTNpoHHRe  (noAOop)  rpaHyaoMCTpHaecKoro  cocmh  aeptoro 
<9M  #MbTpa  ncpcxoAHO#  30HM  AM  Bepxoaoro  oncoca  axpa  Ha  jwm  or 
om.  VMO  ao  ero  ochomhm  {181.  a)  3aouuuaeMuft  rpyrr  axpa  nxorimu  a«wi- 
3K««  GhITb  CBH3HHM  H  yAOBJieTBOORTb  TpeG0B8HMHM,  npHMAeHHUM  B  |  7,  n.  3, 
t.  e.  W „>7,  npH  xonWaHHH  MaxHocTH  W  b  miTepBaae  nJiacTimaocTH: 

■ 

rae  rT  —  rpaHHita  TexyqecTH;  Wp  — 'rpaHHtta  pactUTUBtHHa  rpyHra. 

6)  MHHHNaabHuA  o6i>cMHbiA  mc  cxeaera  cmmoto  rpyirra  axpa  nxo- 
THHfai,  npH  era  yxaaAxe,  xoxweH  Gutb; 

T>W. 

rae  npHHHuaeTca  no  wbhchmoctu  (l>.  • 

a)  PaciemaiA  rpaaiKHT  Hanopa  Ana  Bepxoaoro  yqacrxa  ha  pa  iuothhu  (npH 
oTcyTCTBHH  BUcaiHBaHKH  <pnxbTpam»onm>ro  nOTO:.a  Ha  otkoc)  CJiexyCT  npHHH- 
MaTb: 

/,  =  0 

\  r 

r)  PactaTHbift  AHaweTp  4>HJlbTpannOHRUX  nop  MaTepwaxa  nepsoro  caoa 
(pHAbTpa  axh  AaHHOro  aepxoBoro  yqatrxa  axpa  ahothhu  moxct  6un>  onpexene 
no  3aBHcHMocTH  (18),  npH  /-0  cos  0—1,  nojiyaHM:  J 

Dtr-V^^=V-^-osKa‘-^3"- 

A). Mm  BhICOKHX  IUIOTHH  C  HinOpoM  H>  100  M,  npH  yCTpoftCTBC  oahocxoA* 
hoA  nepexoAHoA  sohu  h  npH  conpawenaH  e^  c  xaMeHHoft  naGpocKoA  aepxoBoA 
npH3Mu  nxoTHHbi,  peKoMenayeTca  bbccth  Kostp^anneHT  sanaca  *,—  1,23.  Torxa 
38  pacwTHbiA  pa3Mep  (JwjibTpattHOHHbix  nop  Marepnajia  iepxo*oft  oepexoxiio* 
30Hbi  ^apa,  Ha  yqacipe  ot  otm.  VMO  ao  ero  ocHOBanHH,  caeAyer  HpHmman>: 

Dir' -4.65  mm. 

e)Ana  oGecneqeimt  (pHXbrpaQROHHoA  npoqHocTH  h  ycroAqaaocTH  Bepxoaoro 
oTKOca  HApa  nroTHHH  Ha  yqacrxe  or  otm.  yMO  ao  ero  ochobshhk  MaxcHMajib- 
huA  AHaMeTp  (pHAbTpauHOHHbiX  nop  (D",Ke)  nepBoro  cnoa  {HUibrpa  nepexoMuA 
aoHbi  AonxceH  Gbrrb: 

Or^Or"  =  4,65  mm, 

rpe  D"0‘"  onpeaeaaeTca  no  3bbhchmocth  (3). 

*)  HaxoxcaeHHe  pacqeTHHx  pa3Mepos  ^panuiA  (Dm,  Dl7,  D«,  Dm)  abb- 
Horo  cocTBBa  rpyHTa  h  nocrpoejiHe  <3oru  AonycTHMoro  rpaxy.no* erpxqecKoro 
codaaa  rpyHTa,  npnroAHoro  abb  yiouaxH  b  nepmiA  cjioA  4>ubTpa»;  buikum- 
iotch  no  MetoAHxe,  H&noHtemioA  a  $  15. 

3)  /Flo  rHApoAHHBMHqeeKHM  ytAOBHHM  Ha  AaHHOM  yqacnte  Bepxoaoro  otkoc*  x 
HApa  iuiothhu  (ot  otm.  yMO  ao  ero  ochobhhhh)  mohkt  6wn>  yxomen  nenaHO- 
rpMHAHo-rajreqHHKOauA  rpyHT  Kax  Recy^^aHOHRoro,  Tax  h  cy^«|)03Ho«Horo 
cocTaaa  (aioGofi  ctcikhr  cyiMwshohhocth),  ecAH  ero  coctsb  yAoixenopHer 
ocnoBROMy  ycxoamo  (19). 

I  90.  ItpoeKropoaaHHe  (maOop)  rpanyxoMeTpmecKoro.  cocTaaa  rpyirra  nep- 
am  cam  VMMpa  MpooAna  mm  mpum  iuwim.  An  sxpaRa  naoram. 
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ycrpMMeuoro  hs  cbrshoto  (rARHilcToro)  rpyHTa,  4ui3tnwcxne  XapaxTepHcnncfl 
Koroporo  yjioMenopawT  TpefioumaM,  nmoimiiium  a  $  7,  n.  3  mctoraiRx 
yK83aHHRt  npoe*THpoaaHHe  (noxfap)  rpaHyAo*erpH<iecKoro  cocraaa  rpyHTa  nep- 
Mfo  CAOB  (piuibTpa  nepexoAmx  son,  b  mbmchmocth  ot  nupojumaMRBecKRX 
ycjiOBHfi  HX  paOoTH.  peKOxeHAyercR  BbraoAHRTb  paaxMbao.  xax  aar  hrsoboA 
cTopoHhi  axpaHa,  -Tax  h  w»  aepxoaoA  cropoHu  Mcpana. 

/.  ripoeKTUpoeaHue  (nod6op)  epanyAOMerpuieacoeo  cocraea  epykra  nepeoao 
caom  (puAbrpa  nepexooHoC  sohn  Six  Huaoeop  cropoHu  aKpana 

a)  OnpeaejieHHe  pacietHoro  piiaepa'xxiHeTpa  <pHjib- 
TpauROHHbix  nop  nepaoro  cjio«  <p  h  a  b  t  p  a.  Hjih  ycAOBHfl  •  Hexonytate- 
HHH  oTpuaa  HAH  otcashbbhhr  arperaToa  aac-nm  cbrshoto  rpyHTa  Ha  koHTaxTe 
c  rpy  htom  nepaoro  caoh  4>HAbTpa,  pacneTHbiA  pasiiep  AHaneTpa  (pmibTpauHOH 
Hbix  "°P  M*TepR*Jia  nepBoro  caor  (ptuihTpa  wieayeT  onpexeiinTb  no  sasHCHMo- 
cth  (18  )• 


or'-VWv 


™  <?i"7iln^HHHMaeTC’1  no  Ta5J,Hfe*  Ip  —  onpeAMaercH  no  <popnyjie(141 

HJWI  )  b  3BBHCKM0CTH  ot  MatepnaAa  npR3MU  nao-nmu  (5  11,  rt.  4)  pnc.  9. 

<5)  Mto6u  OTCJiBHBaHHe  CBB3H0T0  (rxHHRCToro)  rpyHTa  MtpaRa  hb  Konraim 
c  MarepHanoaf  nepBoro  caor  (piuibTpa  (hah  Ae<popuauHA)  ne  nponcxoxano 
AOJUKHO  yAOBAeTBopBTbcH  ocHOBHoe  ycJioflHe  (19): 

orc<or'. 

rxe  D0  uaKCHMajibHuA  P43nep  (pHAbTpaQRoHHWX  nop  nepaoro  caor  piuibTpa, 
onpeaeABeTcn  no  33bhchmocth  (3). 

b)  OnpeAeneHHe  pacie-mux  pasMepoB  (ppaxunA  h  noerpoCHHe  «3ohu  rpaHy- 
AOMeTpHnecKoro  rpyHTa,  npuroA-  • 

Horo  aar  yxjiaAKH  b  nepsuA  ■■  iy  .  5  |  gOTi 

caoA  (pHJibTpa»  bmioahriotch  \_r 

no  MeToAHRe,  HSAoweHHoft  b  S 15.  |  „  \ 

r)  3anpoeKTHpoBaHHbiA  hah  j  *  VjlSjStj  .  '  >. 

nbjiaOpBHRuA  rpaHyAOMerpHHe-  •  TgrlTmSHm**  ~T~  \ 

ckAA  cocraB  nepaoro  caor 

fwnbrpa  AOAKeH  OhiTb  npoBe-  •*!  'aT*  ^ 

pen  Ha  aycAoBHe  caMoaaAeiHBae- 

mocth  rpeiuHH*  B  sKpane  no  Phc.  9.  IT aotwm  c  fxpauoH  m  npnfpou 
KpHTepnw  (32),  §  17.  l~nxo  iuothkh;  T-mpm:  J-m*yp:  y-n*- 

A)  Ecjih  ycAOBHe  (32)  He  P*«01«W»  sobm  (tMbrau);  S-s—Tifcm  tJOl; 

VAOBJieTBODReTCR  to  unfMWKTH.  *  Binop  hi  ywTn  A  B,  t  Binop  ns  yw* 

yAuwieTBopReTCH,  TO  3anpoeKTR  cnc  atcpara  ■  Ham  npMMuKiHKi  Kpnaofl  *en- 

pOBaHHUA  (noAOOpaHHblA)  co-  peccaa  Ml  reaa  iuothrh  hs  nenino-rpamillHo- 

crae  rpyHTa  nepaoro  CAOR  rtiewmcosora  rpyirra;  D",IK uitcmiiihnHfl 

C0'  P—P.#ii»wpw*RR«  BOP  rpyirr*  othosshh. 
raacHo  pexOMenAaiuiA,  npnae-  luomnif 

AeHHbix  B  5  17,  n.  *). 

2.  n poeKTupoeaHUe  (nodCop)  zpanyAOMeTpuiecKoeo  cocraea  epyma  pepeoeo 
cjton  (puAbrpa  nepexodnoa  aom*  6ah  eepxoeoC  cropont*  aKpana  tiAonum 

'  npoeKTHpoBBHHe  (noxfop)  rpaHyAOMeTpHqecKoro  coCTasa  nepaoro  caor 
^HUiHTpa  nepexoAHoA  3ohu  aar  saiUHTbi  BepxonoA  cropoHH  Bfcpana  (a  sbbhch- 
mocth  or  rHApoAHHaMHiecKnx  ycAOBHA  padoru  nepexoxnoA  sohu)  caeAyeT  bu- 

nOAHRTb,  K8K  H  AAH  RApa  HAOTHHbi  (§  18),  AAR  AiyX  yiacTKOB  110  BUCOTe  — AAR 
AByx  paauhix  pewHMOB  paOoru  (pKAbTpos. 

nepauA  yntrox- 3a«HTa  sxpana  na  ynacrxe  KOAeflanRR  ropHsonTa 
ROAM  BOAOXpaHHAHUta  OT  OT*.  Hny  AO  OT*.  YMO  (pHC  9),  AAR  CAytAR  BblCARH- 

•  c»i.  *  13,  B.  » 


MWM  $HAi>Tpamto«Bkix  ms  m  Mpxont  otkoc  SKMBS,  npH  CMlHtl  ropn- 
aoirra  msm  •  BepxueM  6b*<pe,  e  yneroM  unwi  bomoboto  soaseAcnm  n  ne- 
pexoAayio  aoay:  •  \  . 

.  I)  npn  hmbihh  MMKoacoBHCToA  (DcciaHo-raMiHftKOBoA  h/ih  me6eno4noA) 
npnrpy3KH  c  aepxoaoA  cropoHU  Mcpaita; 

2)  npH  HavimHH  KpynROOfijoMOwbA  npHrpyaKH. 

a)  OnpesenenM  paeneTHoro  paamepa  AHauerpa  <j>HflbTp»nnoHHhix  nop  rpyn- 
Ta  ( D  fl*")  nepaoro  caoa  (pasbTpa.  * 

Am  ycnoBHa  nesonymexua  orpwM  hah  oTcaanBaaRB  arperaroa  ibcthu 
cMSHoro  rpynra  Ha  KONTarre  c  nepauu  cjioea  (piwhrpa  a  abhhom  cnynae  u* 
onpeaeaeHHH  Df^H  cMsyer  noAbSoaaTbcH  aaaHCHMocTMo  (18')* 


DfT  = 


0,34 

?(p+  * 


rxe  <p  npHHHM acTCa  no  Ta&inue  (cTp  18);  lv  onpeAeMercn  no  (popnyae  (15), 
t.  e. 


/p  =  lg  K 

r/u  fc—  yroji  HannoHa  aepxoaoro  oTxoca  axpana  k  popK30nry  (phc.  9). 

ft)  rioay'KHKuft  coctbb  nepaoro  cxoa  (pUMTpa  c  O?*”  Aoaxea  6utb  n po¬ 
se  peH  Ha  nparoAHocTb  no  oOecnewHHio  npoiHocTH  cbh3hoto  rpyiiTa  aepxoaoro 
oTkoca  SKpaHa,  npn  w»rraKTHofi  (pmibTpauHH,  no  ycAosmo  (20),  t.  e. 

4<0,75/«p.  ' 

IlpaWM  AJM  MMKOsepHHCToft  npnrpyaKH  c  Bepxoaofl  croponu  sKpaHa  U 
a  ycAoaHH  (20)  npHHHM aeTca: 

/*  =  *ln  &>**. 

rxe  to  *e,  xto  a  (popMyjie  (IS).  .  ' 

Aah  KpynHoo&aoMOHHoA  npnrpysKH  sapana  (a  cnywe  bahhhhh  bojihobofo 
B03AeflcTaHfl  na  nepexoAtiyw  30Hy)  ycaoBHe  (20)  OyAer  HMerb  caenyiomnfl  bha: 

^  ( n  0,75/„p,  (34) 

rxe  /„  —  npAHHMaeTca  no  3Xbhchhocth  (16);  fup  —  no  3sbhchmocth  (21),  ilpH- 

h..  or*.  '  .  * 

a)  Ecjh  ycxoBHe  (20)  hah  (34)  HeyAOBaeraop«eTCH,  to  am  Haxon&eHHsi 
Hoaoro  3M<teaMi  Dglc'<  cacajct  aocnoAbaoaaTbcn  ipopayaofi  (22). 

(IpnaeM  (popMyja  (22)  Moacer  HMeTb  abb  SHanenHa; 

1)  aab  MeMoaepHRCToA  npHrpyaKH  Mtpaaa 

D““c  <**)•  '  (22*) 

rxa  / a —  npKBHMaeTCii  no  mbAchmocth  (17); 

2)  am  Kpynnoo6j*OMo<tnoA  npHrpyaxH,  r.  e.  c  yneroM  bahhhhh  Boanoaoro 
ao3AeAcTaH<l  Hi  nepexosayn  3ony: 

'  'Off*8  <  +  6JS6).  (**)■  (22,15) 

rse  /«=*»/«,  CM.  MBHCHMOCIb  (16). 

IlMynAiwoe  amneioie  Dg*11*  hi  ycAoata  (22,  a)  hah  (22,  g)  npiMHuaerca 
at  patwime,  t.  e.  Df?™—  D",K,  ecAH  yc-nowie  (20)  hah  (34)  myAoaaerao- 
fMMTCII. 

r)  HaxonueHHe  pacapynux  pasMCpoa  ^pamnA  (Dw,  Dir,  Dm,  Dm)  abh- 
HorO  cocTaaa  rpyRTa  h  noctpoenm  asonu  rpaHyaoMeTpRqecKoro  cocraaa  rpyuTa, 

•  Cm.  J  13.  B. 

**  Cm.  ♦opMyaqr  (17). 
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nparoAHoro  Ana  yKJiajWH  a  Aeptfuft  caoA  4»MbTpa»r  bwioahhiotch  no  wetoAHxe, 
ioaowchhoA  b  §  15. 

Bropofi  y  q  a  c  t  o  x  —  aautHta -axpaHli  na  yaactice  ot  orii.  yMO  ao  ero 
ochobbhhh  h  juih  cnyaaa  nocTOBHHoro  ropwaoRTa  boah  b  BOAoxpaHHAKtne,  a  TBK- 
we  am  cnyqaa  npH  oTcyTCTBHM  BucaiKBAHHa  (pHAbrpauHOHHux  boa  hb  aepxo- 
boA  -  otkoc  axpaHa,  npH  noHHxeHHH  ropnaoHTa  boau  b  BOAaxpaHHAHme  (itpn , 
HaAJiewauieM  oSocHOBaHHH ) .  '  * 

а)  B  abhhom  cjiyiae,  ueTOAHKa  npoexTHpoBamia  (noAfopa)  rpaHy.ioMerpH- 
MecKoro  cocraaa  rpyHTa  hepaoro  cnoa  ipHAbTpa  aar  BepxonoA  CTopouu  jupana 
b  noAHofi'cTeneHH  cooTBeTCTByet  tieTOAHxe  npoacTapoBaHHR  (noAfape)  rpanyao- 
■erpHiecKoro  cocraBa  nepBoro  caor  tpuibTpa  aab  BepxoaoA  ctopohu  mpa 
iuiothhu  Ha  yqacTKe  ot  otm.  YMO  ao  ocHOBaHHa  nnpa. 

б)  npH  npo6KTHpoBaHHH  (noxfope)  rpaHyaoMeTpHtecKoro  cocTaaa  rpyHTa 
nepsoro  cxoa  -  (piuibTp^  a ah  BepxoaoA  ctopohu  sxpana  cxeayer  noAb30BaTbca 
MeTOAHKoA,  M3A0HCeHH0A  B  §  18  H  19; 

f  21.  lipOBKTHpOBaHM  (noaCop)  rpaHyaone^paHccKOro  coctbbb  +nabTpo- 
bo«  noArotpBKH  noA  kpchmhiih  aepxoaux  otkocob  scmabhux  iuotw  u  cbb> 

-  hoto  (rAHWKToro)  .rpynra.  ripn  npoeKTHpoBaHtm  (noAfope)  rpaHyxoMerpime- 
cKoro  cocTasa  <pHjibTpoBoft  noAroroB- 
KH  xax  noA  xaueHHue,  rax  h  ateneao- 
OeroHHbie  xpenAeHHa  BepxoBux  otko¬ 
cob  (pHC.  10)  3CMAHHUX  IIAOTHH, 
yCTpaHBBeMUX  H3  CBH3HUX  (rAHHH- 
CThlX)  rpVHTOB  C  1HCAOM  I1ABCTH1HO- 
cth  W „»/  (aah  coopyateHHft  BTOporo 
wiacca  no  xarorraAbHocTH  h  hhhcc  Wa> 

>  S),  o&iaAaiomHX  MOAexyAapHUM 
cuenneHHeM,  onpeAeaaeMbiM  no  3aancH- 
MOCTH  (1),  $  7,  Heo6XOAHMO  HCXOAHTh 
*  H3  CAeAyiOUtHX  yCAOBHA: 

1)  rpaHynoMeTpHiecKHft  coc-sa® 

4>HJibTpoaoA  noAroTOBKH  noA  aepxo- 
Btie  KpeaneHnn  otkocob  (no  3a«HTe 

OT  BOAHOBUX  B03ACAcTBHH)  AOA3K6H 
CUTb  npaKTHHecXH  HeCy4>6o3HOR- 
HUM,  yAOiAeTBOpaiOUlHM  38BHCHMOCTH 
(7)  HAH  (8),'  , 

2)  (J>HJIbTpOB8 H  nOArOTOBKa  AOAW- 
/  Ha  HaAUXHO  38llgHIU8Tb  CBH3HUA  (rAH- 

hhcthA)  rpyHT  sepxoBoro  oTxoca  nAO- 
THHhl  Ot:  BOAHOBMX  B03AeACTBHA,  p*3Mblai  4>HAbTpailHOHRUM  nOTOKOM  BOAU,  BU- 
Texannieft  hs  tbab  iuiothhu,  paaxusa  tchchhcm  h  np. 

ripHMeqaHHe.  npoexTHpoaaHHC  rah  sufop  triib  noxpUTMX  nepxo- 
BUX  OTKOCOB  npOTHB  BOAHOBOTO  B03AcAcTBHH  AOAJKHO  BUnOAHRTbCH  C0TA8C- 
ho  AeftctByioinHM  CHhII  [5].  „ 

a)  Una  ycaoBHA  AHHaMHHecxnx  Harpysox  Ha  otxoc  nAomnw,  nyAbcnpyio- 
mefi  (pHAbTpaiuiH  b  cjjoe  4mAbTpoBoA  noAroTOBKH  (npH  HaxaTe  h  cnaxe  boahu 
hb  otkoc  iuiothhu),  nepeneHnoro  ropHSOHTa  boau  b  bcpxhcm  0be$e  h  bosmorc- 
Horo  ee  ^BUcaiHBaHHa  hb  BepxoaoA  otkoc  nnopmu,  pacnemiA  paauep ,  am- 
MCTpa  IpHAbTpaUHOHHUX  nop  MaTtpHaAB  (pHAbTpoaoA  noAroTOBKH  (Dj*”)  PCKO- 
MCHAyeTca  onpcAeAHTb  no  3aBHcnMOCTH  (18'):  -. 

npHWM  B  ABHHOM  CAyW  CACAyCT  npHHKMaTb  f »1,  /p-tgfw.  TAB  8*  —  yroA 
HBKAOna  BepxoBoro  orxoca  x  ropHsorry  (pnc.  10). 


■  PHC.  10.  K  npoexTHpOBaHHX)  (nox- 
Oopy)  IpHAbTpOBOA  nOATOTOBKH 

noA  KpenjeHM  aepxoaux  otkocob 

/-te*o  uotim  ns  cmubt*  rfym  (c 
Wn  >  5—7);  2-aepiMoe  BDnpMrm  ontoca 
(KiMtHHoe  mr  aceiMtiUBin— mmw  mmtbmii); 
J-caoA  nojinrroMca;  ¥-.«•- 

KIT  MJTflU*;  yitM  MKJMBt  M^KMOro 

- 1  K - 


6)  JW  TOfO,  1To6*J  He  npOMCXOfyUK)  OT&ia&taRHe  CBH3HOTO  (rjIHHHCTOCo) 
rpy«T»  a  acme  kohtjkts  c  uaTepHajiOM  (piuibTpoBoA  noAroTOBKH,  rpa«yaoMerpH- 
■tecwtA  cocraa  uatepHua  (pHJibtpoBofi  noaroroBKH  AoxaceH  yAOBAeTBopHTb 
ocaoeHOMy  ycaoBHio  (19),  r.  e. 

z>rc<  or*,  '• 

rjfe  rf#sc  —  MtKCHMajibHbifi  pa3Mep  AHaxeTpa  (fm.ibTpauHOHHhix  nop  <t>wrbTpo- 
boA  nojaroTOMH,  onpeneJiiieTcn  no  3BBHchmocth  (3).. 

a)  <t>Hjn>TpoBaa  noaroroaKa  6yaer  naAexHo  3autHtuatb  ot  KoniaKTHoro  pas- 
Muaa  otkoc  iuothku,  npH  nyju>cnpytomeM  peauute  npoAOJibHoA  (pwibrpaiiKH  (or 
HaaaTa  a  cnana  aoanu),  a  tom  cjiyqae,  ecjin  OyAeiv  y AOMeTBopaibca  ywioane  (34)  : 

/„  <  3,75/kp,  (34) 

rxe  /„— npHHHKaeTca  no  mbhchmocth  (16);  4P  —  no  3aBHCHMOCTH  (21). 

r)  Ecjih  ycnoBHe  (34)  HeyaoBAetBopaeTca,  totju  caeayer  naMeHHTb  rpaHy- 
jK>MerpH<iecKHft  coctbb  4>h.,  b-rp  oaofi  noAroroBKH,  cm.  §  20,  2,  a-  , 

A)  MarepHaa  (JmJibTpoaoft  noAroTOBKH  He  Aojuxea  npomocaTb  a  nopu  xaMeH- 
hoA  Ha6pocKH  (£>“)  hjih  pacKpuBiuyaxa  mtJib  (6m)  *ene3o6eTOHHoro  noKpuma 
(pnc.  10). 

3ro  ycjiouHe  Mower  6UTb  eupanceHO  CMAyiotiiHMB  aaBRCHMocTHMH: 

1)  ajih  xaMenHoro  noKpuTHH: 

Ao^0.55i>5M.  _  ■  (35) 

rAe  Du  —  pacqenibiA  paanep  4>Pbkhhh  ipHJibTpoBoft  hoatotobkh  (npHHHMaercn 
no  xpmoA  rpaHynoMBTpHiecKoro  cocraBa  MaTepnajia  (pHJibTpoBOft  noAfOTOBKH); 
Of" —  onpeAeAHCTc))  no  3a bhckm octh  (42); 

2)  ajih  meJiH  (6m)  JxejiesoOerorfHOro  noxpHTHH 

Dm  >  0556,,,.  (36) 

Ecjih  pacieTHUfi  pa3Mep  (fcpataiHtf  MaTepnaJia  4>H.ibTpo»oft  noAroTOBKH  Dm 
He  yAOBMTBopHeT  38BHCHMOCTH  (35)  HJIH  (36),  TO  B  T8KOM  tfJiyHae  CJRAyer  H3- 
MeRHTb  3HaqeHHe  Ko*|><)muHeHTa  paaHoaepitHCTocni  >|p  —  (pHJibTpoBofi  noaroToe- 
kh  a  floaunym  cTopony  (a  npeaejiax  ao  »|d><25  ajih  meOeHoHHbix  rpyrnoa  h  ao 
M  <  20  ajih  necRMo-rpaBejiHcTux  rpyHTOB) ,  t.  e.  HaaHawTb  Uojiee  pasHopepHH 
cthA  coctpb  MaTepnaJia  rpynTa  (pHJibTpoaoA  noAroroBKH. 

Ecjih  h  b  stom  cayiae  He  6yAeT  yAOBJicTBOpHTbca  atBHWWocTb  (35)  hjih 
(36),  sto  yKB3WBaer  Re  to,  ito  Me*ay  KaMeaHUM  noKpumeM  h  cjioeM  <t>HJibTpo- 
boA  noAroTOBKH  loapceH  ObiTb  yjioxceH  npoMeacyTORRwA  cjioA  as  6oaee  Meaxoro 

COCTBBB  KBMHfl.  UplPteM  rpBHyJIOMeTpHHBCKHft  COCTSB  npOMemyTOHHOrO  CJIOH  flOJI- 

jxeR  6m  Tb  TaxHM,  <rro6bi  yAOBJieTBopajiocb  ycjioBRe  (35)  hjih  (36). 

ripH  co&noAeHHH  yxasBHHbix  Buuie  TpefioaaHnA  npH  npbexTHpoaaHHH  co- 
ctbbb  (pHjtbTpoBofl  noAroTOBKH  o6ecne«iHBaeTcn  HBAeiKRM  samara  orxoca  imo- 
THHU  H  CBMOA  JpHJIbTpOBOfi  ITOATOTOBKH  OT  BOMOSHX  B03AHkTBHA  HB  OTKOC. 

rtpHMep  n poex th p o b a h h h  (pHJihTposoA  noACoToaxa 

TpefiyeTCB  ajih  cyrJtHHHCTOro  rpyHTa  tub  3CmjihhoA  iuothrw  (pac.  10)  aa- 
npoeKTHpOBBTb  rpaHyAOMeTpHRfeCKHft  COCTBB  rpyHTB  (JmjIbTpOBOfl  nOAIOTOBXH  nOA 
BepxoBOe  nOKpNTHe  OTKOCa  (KBMCHHOe  HJIH  BtejW30<fcTOHI!UMH  nJMTHMH). 

T1  o  p  a  a  o  x  paciera 

Ajib  npoeKTHpoBBHHH  rpaHyaoMeTpHHecxoTo  cocraBa  (pHJibrpoaoA  noAroroB- 
kh  neofixoAHMO  HMetb  <pH3H>!ccKHe  xApaxTepncTHKH  (3auuwaeMoro)  cbbshoio 
rpyHTB  Tejia  iwioTMHU. 

a)  Marepaaa  Tea  a  iwiothHh  ~  cyrjtHHOK,  HMavoRA  ochobhh*  napaMerpw 
(cm.  §  25):  * 


MHHACTUX  HaCTRS  BCBOeM  COCT4B*  d  <0,005  MM—  15%; 

ihcJio  nJiacTMMHDcTH  tf*n— 13,98>7;  ’ 

kos^m^huhcht  BOAONacuuKHHA  G— 0,85; 

yACJibHuft  Bee  lacTHU  A —2,70  iJcm*\  Vex— 1,65 — 1,68  etc*?. 

6)  OO'beMHUH  sec  cyxoro  rpyHTa  («cKeaera»)  cyrxHHxa  npH  era  ytuiauce 
b  TeJio  iuiothhu  Ha  KouTaxTe  c  (t>HJii>TpoBoft  noATOTOBKoA,  cor/iacHo  3Bbhcrmo- 
cth  (I),  AOJixceH  6UTb;  <  • 

•  A 


np«  A— 2,70.  ejcM1,  eT  —  xoa^HUHeHT  nopHctocTH  (hb  rpaBmte  ffexyaecTB) 
paaeu:  x  5 


AB7t 

*T_  IfiO  -j,  ~ 


2,70-36,46 

loST"! 


=  0,96. 


Hoaie  noAcraHoaxH  3nawmill  nwiyum: 

7'ck=  1  o,96  ==1*38  */ej<s- 

no  npoexTy  ofrbeMHufi  Bee  ywiaxuBaeMoro  rpyHTa  b  Texo  iuiothhu  6yaer 
HiieTb  yCn  -1,65—1,68  e/M *  CnexosaTeabHo,  rpyat  iena  iuiothhu  OyAPT 
oftnaxaTb  cbbshoctuo,  MoaeKyaapauM  cneiuieRHeM,  ace  pacneTU  no  npoexnipo- 
BBHHIO  COCTaBa  IpHJIbTpoBOH  nOflrOTOBKH  AOJIXCHU  BUIKWIHHTbCH  KBK  AJIH  CBH3- 
Horo  rpyHTa. 

b)  Had  ycaoBHfl  AUHaMHiecKHX  narpyaox  *Ha  nepxoaoft  otkoc  iuiothhu  h 
HeaonymeHHH  orcnavaaHHH  cBnanoro  rpyHTa  kjib  iuiothhu  (b  nopax)  na  non- 
TaxTe  c  (pHawpoBOH  noATOTOBKoA,  pacieTHuA  pa3nep  AHaiterpa  (JnuibTpaiiHOH - 
Hfaix  nop,  MarepHaaa  (pHabTpoBoA  noAroToaxM  aomcch  onpeaeatiTbcH  no  4»p- 
Myjie  (18')  ;  a  pacaeTHuft  yianneHT  Hanopa  no  3Rbhchmocth  (15),  rxe  k  —  yroa 
HamioHa  Bepxosoro  oTKoca  iuiothhu  k  ropnaoHTy  (pHC.  10). 

B  A8HHOM  cJiytae  (1*— Iff1;  /  — tg  Po— tg  1 5° =0,27. 

Ko3$4>HUHeHT  rpaAHCHTa  Hanopa  9  =1.  ■ 

nocne  noACTaHOBKH  anaaeHHA  b  ((S'),  noJiymu: 

\ 

OieAoBaTejibHo  ajm  toto,  htoCu  He  npoHcxoAWio  oTcnaHaaHHe  caasHoro 
rpyHTa  Teaa  iuiothhu  hb  xoHTaxTe  c  Mai-epHaAoM  4>fuibTpoBoft  noxroTOBKH 
AOAXHO  yaOBJICTBOpHTbCH  .OCHOBHOe  yCAOBHe  (19),  T.  e. 

* 

rxe  Dgwc— MaxcHMaAbHuA  pa3Mep  AHaMerpa  <t»uibTpaaHomiux  nop  Marepn a*i 
*  4>IUIbTpOBOA  nOArOTOBKH. 

.  r)  0HJtbTpopaa  noAroToaxa  c  D"ne  -5,2  mm  ao/ukhb  hbachcho  3aWHmarb  or 

KOHTaKTHOro  P83MUB8  OTKOC  IMOTHHU,  npH  nyAbCHpyiOUteft  (pfUlbTpaKHH  (OT  Ha- 
kaTa  h  cnaaa  bojihh)  . 

3ro  ycaoBHe  SyxeT  auncuiHeHO,  ecw  yAosneTaopfieTCH  KepaBencrao  (34),  re. 

Ai  <  0,75/i(p.  (34) 

B  A8HH0M  cJiyiae  (pnc.  10),  npu  fr— 15°  no  3bbhcmmocth  (16)  onpexeaneu 
/„  =  *„/„  =1 1,35  am  15"=  l.fe-0, 26  =  0,35. 

3naaenHe ,  /  „p  onpeaexneTca  no  sbbhchmocth  (21): 

Uv  =  Yop£  “°’75  =  7W  ~ 0,75 " 0,w' 
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IlocM  noACTdHOBKH  3HaieHHfi  b  (34),  noayqHii:  0,35<0,75  0,64,  t.  e. 
0,35<0,48. 

ycAoBHe  (34)  yaosneTBopneTcn.  CneaoBaTMbHo,  aa  Hhwh  coctsb  rpysta 
c  CflU“c  —5,2  mm  MOMtr  Curb  npHHHT  b  KaiecTBe  $HnbTpoBoA  noaroroBim  non 
KaxeHHue  mjih  xeaesoficTOHMue  KpeiweHMB  BepxoBHx  otkocob  iwiothhw,  npH  hx 

3alUHTe  OT  ,B04HOBblX  B03fleflCTBHft. 

a)  Rjift  nocTpoeHHB  xpusoA  npoexTHpyenoro  Hecy4>4>o3HOHHoro  rpaRyaoMet- 
pHiecKoro  cocTasa  rpvnra  ipHJibTpoBOfi  noaroTOBKH,  HMeioiuero  pacierHufl  ,pa3- 
Mep  (pmibTpauHOHHbix  nop  D^c'l=Z)J,l‘c-5,20  mm— 0,52  cm,  cnenyer  no/ibsoBan,- 
cn  MeTOAHKofi,  H3JK>xceHHoA  b  $  IS  ((popuynbi  23,  24,  25,  26  h  27)  H  npHMepoN 
§  25,  nn.  e,  jk,  h,  k,  n,  m.  * 

Ann  aaHHoro  npHMepa  b  xaiecrBe  (pHJibTpoBoA  noaroTOBKH  npHHHMaeM 
neciaHO-rpaaenHCTuA  rpym  c  KoseJxjHmHeHTOM  paaRosepHHCTocTH  rj  —20,  nop»- 
cTocTb  —  aamtoro  rpyrna  onpeaenneTcH  no  aasHCHMOcTH  (24): 

n*  =  n«  -  0,1  lg  =  0,40  -  O.llg  20  =  027. 

1)  HwaMerp  4>pbkuhA  0„  onpeaenneTcH  no  sasHCHMOcTH  (23): 

_  DP*™  1— n*  5£  1—0J7 

D„  <  =  FojS  -off-  =w*9,o  MM, 

x  =  1  +  0.051J4,  =  1  +  0,05-20  =  2; 

C  =  <W55^>=0.455  V^0=0,75. 

2)  AeAcTBynniMA  anaueTp  (ppaxunA  fabrpoBoft  noaroTOBKH  Di0  onpeae- 
aaetca  no  3aBHCHMOCTH  (25): 

Z)10  =  /0„  =0,64-9,0  =  5,8  mm\ 
a  jib  r,a,  =  20  H3  rpaepHKa,  puc.  5  i  =*  0A4. 

3)  KoHTpojtHpywmHft  AiuueTp  Dm  onpeataaercsi  »3  33bmchmocth  - 

(26): 

0«,  =  r^Dt0  =  20-5,8  =  1 16  MM. 

4)  MaKCHiiajibHufi  AHatieip  tpaxunA  Dno  onpeaeaaeTra  no  (fopMyne  (27) 

Aoo=A«+lO*'0«o  =  5,8+ 102-67. 1 16  =  *  210  mm: 

/  ■  %  =  1  +  l,28lgijt=  1+  1,28  lg  20  =  2,67. 

Flo  noayqeHHUM  3H84eHH8M  pasnepoB  $paxmiA  Dio,  Dir,  Dw  h  Dm  ctpohtch 
pacnfeTHan  KpHaaa  rpanyaoMeTpHaecKoro  coctAbb  tpwibTpoBoA  noaroTOBKH,  «o- 
Topy»  caeayeT  npHHHMaTb  aa  hhmhhA  npeaen  «pexoMeKayeMofi  30hm»,  kbk  noxa- 
aano  Ha  pne,  6,  xpHsan  * 

riocrpoeHHe  <3ohw  AonycrHMoro  rpaHyaoneipHMecKoro  cocTaBa  rpyaxa,  npn- 
roAHoro  Ann  yxnaaxH  na  otkoc  imothhu  b  xaaecTBe  (pKnbTponoA  noaroTOBKH* 
npoH3BOAHTcn,  Kan  yxaaaHo  ft  §  15,  nn.  a—  K. 

e)  Pa3Mep  nop  (Bepxonoro  noxpbinm)  xaMeHHoA  HaCpocxH  Dp*  nn»  B03- 
mo3Kho  aonycTHMoe  paexpum  uienH  5ii ,  np«  >xene3o6eTOHHOM  hokputhm  nep- 
xobux  otkocob  nnoTHH,  onpenenjieTCH  H3  3aftHCHM0CTH  (35)  hah  (36). 

Ann  AaHHoro  npHMepa  pacneTa,  Ap«  Djo—6  cm,  AHBMerp  nop  BepxoBoro  no- 
xpuTHH  H3  kbmhA  (hah  bo3Mohcho  aonycTHMoe  pacKpurHe  UienH  H<ene3o6eTOH- 
HMX  nVIHT  Jfe): 

0"  4  1,80M=18-6=1O3  <v«. 

tlpn  9tom  MHHHManbHan  TonuiHHa  cnon  (JnwibTpoBoft  noaroTOBKH  —  7M*M  (ho 
4>iinbTpailROHHbiM  ycnoBHHM)  aonncHa  Oun: 

T**,  >(5-  7)0*,  .  (10) 

T.e.  T^n  >  75  — 100  cm. 
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Hs  npHBeaeHHMx  pacrerOB  caeayer,  bto  npH  3amHTe  (ot  boahoboto  Bosaeft- 

CTBHH)  OTKOCOB  3eMAHHbiX  IIJIOTHH, 1  ycTpaHBaeMhIX  H3  CBB3HUX  (rAHHHCTHX)  rpyn- 
TOB,  OCHOBHyiO  pOAb  aaillHTU  OTKOjfOB  OT  OTCJIBHB9HHR  H  <pB3MUB3  OCyilieCTBAHeT 
(pMabTpoBaa  noaroTOBita,  rpaHyaoMeTpHiecKHA  cociaB  KOTopoft  AOAJKen  6utb  3a- 
npoeKTHpoBaH  no  npnBeaeHHofl  autne  MeTOAHKe. 

n  p  h  m  e  m  a  h  h  e  B  cayqae  HajiHBHH  xapbepHux  rpyHTOB,  KOTopue  ^ 
MoryT  6utb  HcnoAb30BaHU  b  KaqecTBe  (pHAbrpoBofi  noaroTOBKii,  nonOop 
COCTaBa  (pHJIbTpoBOH  nOATOTOBKH  AOAWeH  BbinOaHSTbCB,  K8K  yKB3aH0 
a  §  26,  c  yqeTOM  pacyeiHbix  napaMCTpoB,  npHBeaeHHbix  b  abhhom  §  21. 

$  22.  OnpcaeacHNe  KOj<p<t>Hu»e«Ta  ^BAbTpann  cyrAHHKToro  rpyHTt.  B  Tex 

cayqanx  (npn  paaBeaxe  xapbepoB,  (pnabTpauHOHHbix  pacqerax  h  ap-)>  xoraa  He- 
H3BecTeH  K03<tj(pHuHeHT  (pHabTpauHH  cyrJWHHCToro  rpynTa,  ero  mo  who  onpeae- 
aHTb  no  npeAJiaraemoft  HHwe  ~3KcnepnMeHTajibHofi  aaBHCHMOcTH  (Ml]: 

.  *  A=S(T=^F^<CMlce^  ,  <37> 

d$0 

rae  i]  =  -j —  —  KoscfuJiHuneiiT  pa3H03epHHcTocTH  cyrannHCToro  rpyHTa;  v  —  kh- 
**10  » 

HeMatnqecKHfl  K03(J)(J)HiiMeiiT  bbskocth  boam  ( cjfllceicY,  pasiicp  qacrna 

CBBSHoro  rpyHTa,  B  cocTaBe  KOToporo  coaepWHTCB  17%  h  Met) bine  no  Becy; 
— 4>aKTHqecxan  nopHCTOcTb  CBMnoro  rpyHTa,  onpeaeBserca  no  33bhchmocth 

"4>  =  n  —  rMy«,  (38) 

rae  n  —  nopHCTocTb,  coOTBeTCTByioiuaa  ycit  o6i>eMHOMy  Becy  (cxeaeia)  cyxoro 
Tck 

rpyHTa:  «=1—  -j-;  Wm — uaKCHMaabHaa  MoaeKyanpHan  uaroeMKOCTb  cbb3Hoto 
rpyHTa  onpcxeaneTca  no  MHKpoarperaTHOMy  xeToay: 

=  0.016A  +  0.04B  +  0,1B  +  0,35r,  (39) 

rae  A,  B,  B  h  T  npHHHuaeTca  b  npoueHTax  b  3bbhchmocth  ot  Macmu  d. 
A-rf=0.5-0,25  mm\  B-rffc0,25-0,05  mm;  B-rf=0,05-6,005  jut;  T-rf< 

<0,005  mm  (npoueHTbi  A,  B,  B  h  r  —  CHHuatoTcn  c  kphboH  rpaHyaoMeTpHie- 
cKoro  cocTaBa  CBH3Horo  rpyHTa). 

IlpHMep.  TpefiyeTca  onpeaeanib  k  cyraHHKCToro  rpyHTa,  g>aHyaoMetpH- 
qecKHfl  cocTas  xoroporo  npeACTasaeH  Ha  p«c.  16,  a*  ocHOBHue  xapaKTepncTHKK 
cm.  §  25.  \ 

m/jfi;  n= 0,35;.  r,=  126;  dn— 0,0065  mm\  -*=0,013  cMa;cete  (npH 

<=10^0). 

H3  rpacpHKa  p«c.  16,  noayyaeM:  '  . 

,  <<=0,5—0,25  mm...  A=8X,  d  =  0,05—0,005  MM  B=20%, 

,  <<=0,25—0,05  mm  . .  .  B=20%,  <<< 0,005  mm  .. .  r=I5%. 

riofjie  noacTanoBKH  3H3R&hhH  b  3bbhchmocth  (39),  (38)  h  (37) 

WH  =  0,016-8  +  0,04-20  +  0,1  -20  -f  0,35- 15  -  8,2%  =  0,082; 

=  0,35  -  0,082-1,75  =  0,207; 

2/T5E  0.2073 

*-=-  - LI - -  0,00653=  4,12-  10-u  CMjceK.  ' 


'  25-6,013  (1  —0,2 


§  23.  ConfMHteiHfe  nepexoaHoA  30hw  c  mbtcphuom  npn3M  mothhu. 

I.  3anpoeKTHpoBaHHHft  hah  noaofipaHHhift  nepBbift  caoA  (pHAbTpa  nepexoAHofi 
3onu,  npHMMxaioiUHH  k  cBH3HOMy  rpyHty  HApa  (axpawa)  naoTHHW  OAHoapeMeH«o 
AOAHteH  H8ae>KHo  conpnraTbCH  c  MaTepnaaoM  caeayiomero  BToporo  caoh  nepe- 
XOAHOft  SOHfat  HAH  C  M8TepH8AOM  OoKOBMX  npH3M  nAOTHHU. 

Taxoe  conpaxccHHe  •  nepaoro  caob  (pHAbTpa  nepexoAHoft  sohu  mojkct  ocy- 
’  mecTBAHTbcn: 


.St\ 


a)  HenocpeACTBeHRo  c  MaTepnaxoM  npiOM  iixothhu,  KOTopwe  Moryr  acwBo- 
AHTbCH  H3  rpaBRftHO-raneHRHKOBOrO  rpyHTa  HJIH  H3  K3MCHHOH  HaCpocKH  (PHC.  11 

h  12); 


Phc.  11.  ConpaiKeHHe  oahoc.iohhoh'  nepexoAHOfi  30hu  c  MaTepwaxoM 

IipH3MbI  njIOTHHU 

a  ~  OflHOBpeMCHHOe  B03B€JCHHe  9JICMCHT0B  IUIOTHHU  7,  2  H  3‘,  6—  pa3jeflbH0e  B03BejeHHe 
s^eiieHTOB  imothiim  7,  2  h  3;  7- gApo  iuiothhu;  2— nepexoAHaa  bomb;  3-6oicoBas  np«3Ma 
imothhu;  //-BwcoTa  C40H  oTCbitiKH  npfttuu  njioTHHu;  h—2  m- B&icora  cao*  npw  3acunicte 

,n«3yx\ 
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Phc.  12.  CxeMa  conpH*eHHj?  oahocxohhoH  nepexoAHOii  sohu  c 
npH3M0tt  h  aapoM  iiaothhm,  bo3boahm«m  ,cnoco6oM  otchiikh 
rpyHTa  b  bo Ay* 

O— mpo  B03BOAHTCH  C  0TCT1BBHH6M  OT  nepeXOlHOft  30HU;  tf  -HipO  B03B0JIBTCB  c 

onepewcHHBM  nepexoxHart  9qhk;  /- «*po  iijiothhm;  2— nepeuMUUB  sohb;  3— cxoft 
HJIH  XBHSoqBB  H3  yflJIOTHeHHOTO  MBTBpHBJB  Bipi!  4— npyflOK!  a  =3—5 
ncycxpHTHi  nepBuu  cxoex  (pHBbipa  kohtbktb  «jpa  c  ocmobihhcm  imothhm. 

6)  c  rpyHTOM  AonoxHHTexbHoro  BToporo  cxoh  nepexoAHOfi  sohu,  Kotopbifl, 
b  CBoio  onepeAb,  AOXweH  conporaTbcH  c  KaMeHHofi  xaOpocKoft  npH3M  imothhu 
(pHC,.  13); 

b)  c  6oxee  mc.ikhm  no  cBoemy  rpaHyxoMeTpHiecKOMy  cocTasy  MarepnaxoM 
npK3M  nflOTHHU,  KOTOpblH  MOJKeT  dWTb  nOflyRSH  H3  TOfO  We  Kapbepa,  H3  KOTO' 
poro  AoOwBaeTca  Matepnax  axH'  np«3W  haothhu,  ho  c  ot6opom  (bm6opomho) 
6oxee  MexKHX  cppawiHft  (b  tbkom  cxynae  npHKoHTaKTHan  30Ha  aoxhchs  Cam, 
UlHpHHOft  3—5  m,  pHC.  14); 

r)  c  ecTecTBeHHMM  xapbepHUM  rpyHTOM  (6es  ero  pacceBa),  KOTopbifl  MOweT 
6biTb  HcnoxbaoBan  axa  sacunKH  <na3yx»  KaMOHHOHaOpocHMX  nxonm,  ecxw  ero 
HCnonb30BaHHe  BBflHeTCH  TeXHHKO-3KOHOM HqeCKH  UeXeCOOfipa3HUM  (pHC.  15,  a). 

npHMeiaHHe.  B '  Tex  cxyMaax,  Korxa  OTCunxa  npnaM  iixothhh  hs 
pasHoaepHHCToro  MarepMaxa  nponsBoAHTcs  cxoeM  Ooxbmoii  bucotbi  H, 
b  HHWHeft  mbcth  oTxoca  oTCbinxH  (b  cxyeae  paccxoeHHH  Marepnaxa)  cxe- 
AyeT  npeaycMOTpeTb  VKxaAxy  AonoxHHTexbHoro  npHKpuaaiomero  exon  Ha 
aucory  '/» H  (pHc.  15, 6),  rpaiiyjKmeTpH'tecKHvi  coexa*  xoTOporo  AOJfflteH 
cooTBerctBOBaTb  pacweTHoft  xpHBofi  MafepHaxa  npH3MU  hxothhh.  ■ 

t 
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2.  Conpaacemte  nepBoro  cjioh  (ptcibTpa  c  MaTepHajioM  rtpiuubi  mioTtmai  hum 
aropbiM  wioeMl  nepexoAuoA  3ohu  OyaeT  o6ecueveHO,  ecJin  yaoBJieTBOPHeTCH  yc#o- 
BHe  nenpocbinaeMocTH  rpyHTa  nepsoro  cjioh  (pHJibTpa  bo  btopoA  ,  cJloA 
hjih  b  uaTepHBJi  tipHSMbi  nJioTHHhi  (ycrpaHBaeMbie  113  rpaBHftHo-raJieqKKKOBoro 
rpyHTa  hjih  KaMeHHofl  Ha6pocKH). 


Phc.  13.  ConpaHceHMe  AByxc.ioiiHoK  nepexoaHoii  3ohij  c  MaTepHaaoM 

'  npHSMbl  njIOTHHbl 

1—ua po  njioTHHbi;  /— nepBUft  c.iofl  nepexoxHoA  30HW;  //  -uroport  c.iofl  nepexoxHofl  30- 
Hht;  2  -Marepnai  npmuu  iijiothuu. 


B  npaKTHHecKHX  ycJiOBHHx  MoryT  BCTpeiaTbcn  a  Ba  cay  Ha  a: 
n  e  p  b  bi  ft  cjiynafi.  r paHyaoMCTpaMecKua  cocTaB  npH3Mhi  ruioTHHbi  hjih 
STOporo  CJIOH  (pHJIbTpa  II  HX  (pH3HHeCKHe  XapaKtepHCTHKH  H3BeCTHbl.  B  3TOM 


"  Phc.  14.  ConpHweHiie  nepexoaHofl  3ohm  c  Oojiee  mcjikhm  MaTepnaaoM 
npHSMbl  rtXOTHHhl 

/— mpo  naoTHHu;  i— nepexoaaao  3ona;  3— npmcOHT*icTHa«  30HI  (  !— 5  31)  m  6oJiee  mm- 
Koro  MU  I'epHUJia  lipH3HW  n^OTHHbi;  </— llpH3Mtf  IMofMMbl  HA  plUOBOru  M4TepMA4a. 

cjiyaae  BhinojiHHeTcH  npOBepxa^ia  coripHweHHe  nepBoro  (btopoto)  cjioh  (pmibTpa 
ua  ycJWBHe  HenpocwnaeMOCTH  ^  aaHHbift  KOHKpeTHHA  Marepiiaji  npH3MU  njio¬ 
THHbi.  •  .  * 

BTopoA  cJiyiaA.  T  paHyjioMeTpHHecHHft  cocTaB  ,  h  cjHuiiieeKHe  xapaicre- 
pwcTHKH  MaTepuajia  npH3M  njioTHHbi  hchsbccthh. 

B  3T0M  cjiyiae  CJieayeT  3anpo€KTHpoB8Tb  rpaHyjiOMeTpHMecKHfi  cocraa  «aa- 
Tepnajra  npH3Mu  itjioTHHhi,  yaoBJieTBopaioHjHft  ycJioBHio  Henpocbinaea»ocTH. 

rioJib3yHCb  3anpocKTHpoB8HHbiM  'TpaHyjioMeTpH'iecKHM  cocTaBoM  b  paftoue 
crpoHTeJibCTBa  Bbi6HpaiOTCH  coOTBBTCTByioiUHC  KapbepK  Taxoro  *e  cocTaBa  rpa- 
BnAHo-rajie«HHKoBoro  rpyHTa.  hjih  npn  pa3pa6oTKe  cKajibHbix  nopoa  KaMeHHbix 
KapbepoB  AOJiWHa  6biTb  pa3pafioTaHa  Texan  rexHOJiortiH  (B3pbiBHbix  paSor),  npn 
KOTopoft  ofiecneiHBajicH  6h  3aaaHHHH  rpaHyjioMeTpimecKHii  coctsb  xaMeHHoA  na- 
6pocxn. 

3.  nopnaoK  pacneTa.  A.  B  nepBOM  cjiyiae  (xoraa  rpaHyjioweTpHMecKHA 
cotTaB  n  t^H3HMecKHe  xapaKTepHCTHkH  MaTepnajia  npHSMbl  nJWTHHW  H3Bccniu) 


3* 
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npoBepneTco  HenpoewnaeMOCTb  MaiepHa.ia  nepBoro  (BToporo)  caoa  ~  (tm.ibTptr 
B MBTepnaji  npn3MU  iuiothhu  no  c.ieflyiomeH  33BHCHMOCTH: 


DL 


1,8, 


<40) 


r,ac  £)Jr  —  AHaMeip  CBOjoo6pa3yjomnx  (ppaKUHii  rpyHTa  nepBoro  c.ioa  <{>H.ibTpa_ 
Ajm  nepexoAHbix  3oh,  HMeiomHX  uoimme  no  rojmiHHe  caoh,  3a  £>‘r  pexo- 
HeH*y«TC»  npHHHMaTb'  1 

/>£,.<  DgJ  HAH  D^_g0,  (41> 

i\ae  D!$— othochtch  k  HHWHexy  npeae.iy,  t.  e.  k  pacieTHofl  kphboh  0,  pnc.  6, 
Djjlgo  —  othochtch  k  BcpxHCMy  npe/iejiy  .sohu  1‘  (KpnBax  /).  pnc.  6. 
£>0"  —  cpeaHHft  AHaueTp  nop  MatepHaaa  npu3Mu  iiaothhu;  onpeaeaaeMuii  no 
cjieayiomefi  ,aaBH chmoctm :  ,  • 

£>o"  =  0.455n,/^;~2^01n7,  .  ,  (42> 


rae  ijn  = 


-  K03<Jl4>MUHeHT  pa3H03CpHHCTOCTH  MaTepna.ia  rrpM3Mbl  njIOTHHb* 


P«o 

A. 

hjth  BToporo  cjioh  (pMJibTpa;  n„  —  nopHCTOCTb  MarepHa.ia  npiuMw  ii.tothhm; 
0";  — InMaueTp  (ppaKUHH  M.irepita.ia  npw3M«  iuiothhu,  b  cocTaBe  KoToporo  co- 
xepiKHTCfi  17%  h  MCHbine  cjipaKUMH  no  secy. 


Phc.  15.  ConpHHceHHe  nepexoAHoit  30Hbi  c  KapbepHbiM  rpaBHflHO-raaeMHH- 
bum  MaTepnaaoM  (sacunxa  *na3yx‘)  h  c  ycTpottcTBOM  AonoAHHTeJibHoro 
caon,  npMKpMBaiomero  otkoc  y  ochobshhh  npH3Mbi  naoTHHM 
7-upo  iuothhu;  2—  neptxoSHM  30hi;,--3— npH3na  imothhu;  4 — bctbctbchhuA  nipt-epHuft 
rp»idlHo-r«JC<<HiiK(inbiA  rpyHT,  HcnoabayCMuR  jum  mcubkh  “ntsyx";  S — lonoJimnejbMMft 
fipMKpuuiomHft  cjofl,  ycrpaHBieMuA  hi  1/3  H  c.ion  ogbinKH  npHSWbi  imotiihu  (b  c.ivMae 
paccxotHHj  uaTepMUra  npwaMW  imotkhu). 


Ecah  ycnoBHc  (40)  ne  yaoMeTBOpseTCB,  to  3to  yKa3MBaeT,  •  mto  npe6yeTcn 
-hjih  BTopoft  cnofi  nepexoAHOft  30hh  hah  caeayeT  HaaHaiHTb  (kwiee  mmkhh  co- 
ctbb  MaTepnaaa  npHSM  iiaothhh,  HcnoAbayH  peKOMemaurfh,  npHBeaeHHbie 
b  nn.  b  h  r  nacToamero  naparpatpa  (pnc.  14)  15). 

rjpHMeaaH  He,  Ecjw  nepaufi  caofi  conparaeTc*  co  BTOpMM,  a  BTopofi 
cjioft  c  n|yi3Moft  naoTHRU,  to  npoBepxa  na  HenpocunaeMOCTb  npoH3Bo- 
jtHTcn  no  np^BeaeRHoA  Buue  mctoabko  c  yxeroM  AaHHbix  conparatotUHXcn 
MBTepifa.TOB.  - 

E.  Bo  BTopoM  caynae  <Koi\aa  rpaHyAOMeTpHHecKHfi  coct8b  n  d>ii3Hie- 
CK«e  xapaKTepncTHKn  Matepna.ia  npH3M  n.ioTHHbi  HeH3BecTHbi)  cAeayet  3anpoeK- 


I 


TapoMTb  rpaHyjioMeTpHMecKttfi  cocraa  MaiepHavia  npHSMbi  n.ioTHRbi  fi3  ycJioBHit 
HenpocwueMOCTH  b  Heroj  MaiepMaxa  nepaoro  (BToporo)  cjioh  tJwxbTpa. 

B  3Tom  cJiyiae  nopaaoK  paciera  cjiejyiouiHft: 

1)  H3  ycaoBpa  (40)  onpeflejiaeTca  cpeAHHft  AnaueTp  nop  MaTepna.ia  npHSM- 
nJiOTHHu:  ' 

’  Du"  <1.8  ■£>!»•  (43). 


2)  B  ‘3a bhch MOCTb  (42)  BuecTo  D "  noacTa ba aeTca  H3  (43)  ero  sHaieHHe  h 
onpeAeAnercB  ahbmctp  tppaxuHH  Dj7  MaTepHaxa  np»3M  nAOTHHu: 

1  _  *~"n  nl 

0,252  "n 


0,n7  < 


'50- 


(44) 


ByKBeHHhic  oOoaHaMCHHa  Te  ate,  mo  h  b  3aBHCHMOCTHX  (42) — (43). 

3)  Jlaaee,  saxaBascb  3Ha>teHHeM  i)n  (§  9)  h  onpeaejiHB  3HaqeHHe  n„  no  aa- 
BHCHMOCTH  (24)  HaiOAHM  D"?  no  33BHCMMOCTI1  (44)  H  paCMeTHbie  3HaieHHH 


$paxuHft  Dj,,.  Dj#  h  Dio,  n<>  3aBHCHiiocT)iM  (25),  (26)  h  (27). 

4)  no  naAywaHUM  3HaienHBM*  Dio,  ^ao  h  Dm  Ha  rpa4>Hxe  ctpohtcb 
'  pacieTHan  KpHaan  aanpoexTHposaHHoro  rpaHyaoMeTpHiecKoro  cocTasa  uare- 

pHaaa  npH3MU  naoTHW.  npaMeu,  nonyiesBaA  pacveman  xproaa  AOJixBa  m- 
AirrbCH  hhxhhh  npeAeAOM  o'ohU  AonycraMoro  *  rpaay.no»ieTpH<ieacoro  co- 
crasa  Marepnaaa  npH3MU  naoTMRbu,  t.  e.  rpaayJiOM’eTpneanift  cocraa  Mare- 
pHana  npH3MW  nJioTHHbi  b  3 owe  KoaraKTa  (na  uiapaHe  3—5  *,  pnc.  14)  c  nep- 
BueM  caoeM  cpHJibTpa  He  AOAweH  Gun  xpynnee  pacaeTHoft  kphboA. 

5)  «3oHa  AOftycTHMoro  rpaHyjwMeTpHaecKoro  cocTaBa  MSTeptiajia  hphsmh 
nJioTHHbo  MoweT  6uTb  nonyneHa  nyTeM  orpanHWHan  hhwhhm  h  BepxHHM  npe- 
AejiaMH. 

npH  3 tom  3a  hhwhhm  npexeA  caeAyet  npHHHMarb  paciemyio  xpHByio 
D"7,  D£,  h  D"m,  a  BepxHHH  npeae.i  mo»ct  6biTb  naaiiaHen  3a  npeae.iox* 
D" 

cooTHomeHHa  -5- >  2,5,  t.  e.  BepxHHH  npeaeA  „30Hbi‘  noweT  sna'iiiTeAbHo, 
,  &so 

npHGaHwaTbca  k  HHWHeMy  npeAeay  ,30hu  nepBoro  cxoa  (pHAbTpa*. 

n  p  h  u  e  a  a  h  h  e‘.  3a  npezenaMH  xoHTaxTHoA  30HH  (phc.  14)  b  ocTaab- 
Hyio  aacTh  npHSMbi  nflQTHHhi  MOweT  yxjiaAMBaTbcii  MarepHaA  otahihuA  no 
KpynHocTH  ot  pacaeTHoro,  t.  e.  6oxee  xpynHhiA  no  cBoeny  cocraBy  no 
cpaBHeHHio  c  pacaeTHoA  KpHBoA.  1 

§  24.  ycjOMU  4>iuibTpauHOHno-cy4>^03iioHHoA  nponHocm  nepexoAHO#  Mmi 
Ha  KOHTaKTe  c  MaTepHaAOM  npH3MH  naoTMHU.  IlpH  npoeKtHpoBBHHH  nepexoanux 
30H  BOSHHxaer  aonpoc  o  npoRHocTH  nepexoARoA  30hh  Ha  KOHTaKTe  c  MaTepHa- 
jiom  npHSMbi  ryioTHHM  (pnc.’.  3)  b  CBH3H  c  npHMeHPHHeM  rHApaBJiHaecKOft  yxaaa- 
kh  MaTepnana  npn  bo3B6aphkh  npHSMu  naoTHHbi  h  b  cbrsh  c  aTMOc$epHMMii 
ocaAxaMH  b  cnyqaax  AHBneBux  boa,  xoiopue  b  nepBOM  h  BTopoM'cnynaHx  motyt 
npoHHxaTb  b  T6A0  nAOTHHbi.  OflHaKo  cTexaHHe  boaw  BAoJib  xoHTBXTa  nepexofl- 
HOA  aOBH  H  npR3Mhl  njlOTHHbl  B  npaKTBT&CKHX  yCJIQBHBX  He  GyAeT  HMeTb 
MecTa  BCJieACTBHe  3HaqHTeAbHoA  BOAonpoHimaeMOCTH  MaiepHBAa  '  nepexoAHoft 
30HU,  GojibuioA  ee  moiuhocth  (toauhhu)  h  He3HaqHTeAbHoro  npn  btom  pacxoaa 
boah,  BToGhi  oGpa30Bajica  noTox  BAOAb  KOHTaKta  (npH  rHApaBAHiecKoA  VK.raAKe- 
MaTepHaJia  npR3MU  naoTHHM  h  npH  HaaHBHH  AHBxeBbix  boa). 

KpoMe  Toro,  koht8xth8h  30Ha‘-rpyHTa  nepexoARoA  3ohh  c  MarepiiaAOM 
npH3Mbi  nAOTHHhi  co3A8eTCB  H3  ycAOBHJt  HenpocunaeMocTH  c  oGpaaoaa- 
HHeM  yCTpoAlHBUX  CBOAHXOB  HAH  C  BOAOOOpa3y K)UNX  BaCTHU  ($  23,  n.  3) 
D„  <  Djo  (hah  rDcr<Dg,),  HMeiomHX  Taxyio  xpynHOCTb,  npn  xoTopoft  r  npo- 
necce  4>HAbTpauHH  ycToABHBwe  cboahkh  ifs  bthx  ippaxuMA  He  xoryt  GwTb  paa- 
pyuieHM  «)>HAbTpauHOHHbiM  noToxoM  npn  tex  rpaxHentax  Kanopa.  xoropue  nine- 
10T  Mecro  b  Hatype  (/*  =  xin  a),  pnc.  3. 
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Ecah  AonycTHTb,  mo  npoHcxoAHT  ctetcaHHe  boam  no  KontAKty  nepexoAHoft 
aoHbi  c  MarepnaaoM  npn3Mu  baothhu,  to  npcwHoctb  h  ycToft*mBocTb  kohtakthoh 
3ohu  mow  err  ObiTb  npoBepeHa,  hcxoah  H3  cJKAytomero  ycaoBHO:  xpHTHqeciuiA  Tpa- 
aaeuT  Hanopa,  npa  kotopom  MoryT  BWHocHTbca  CBOAOo6pa3y»WHe  <fcpaxu.HH . 

Dcr <£ Ojo  (tun  Dcr<Djj.),%OT  BbiHOca  xoTopbix  HapymaeTca  npomocTb  h 
*  ycioflsHBOCTb  KOHiaKTHoft  30Hu,  A03*eH  6utb  6oJibute  turn  paBeH  AeAcTBHTejib- 
nosy  rpaAHeHTy  nanopa  b  3one  KOHTaxra  /*  (pnc.  3),  r.  e. 

4Cp>4-  (45) 

KpttTHHecKHft  rpaAweHT  BHHoca  c  boaoo6  pa  a  y  to  uih  x  nacTHu  rpyuTa  nepBoro 
(BToporo)  exon  (pHabTpa  £)cr</)J0  hah  Z?cr<£>io  Moxcer  6btTb  onpexeaen  no 
3aBHCHMOCTtt  A.  H.  HaTpa mesa: 

IS,”* Po^erV^p.  (46) 

<?„'=  0.30(74).-  1)/*;  /*  =  0,82  -Ifi  #i,„  r  0.0062.(^4,  -5), 

rxe  £>cr  —  AtianeTp  cB0A006pa3yxnuHX  tacTnu  rpyHTa  nepexoAHoft  30HH,  koh- 
TaKTMftyeMott  c  uarepMaxoM  npn3uu  iuothiiu,  b  cm,  74*  n^.  r^.  K$(CM\ceic)  — 
cooTBercTBeHHO  o6i>eMHMtt  Bee,  nopncTOCTk  (b  aojibx  ejunumu),  Ko»<fc$nuHeHT 
paaHoaepHHCTocTH  n  K03(JnJ)HnHeHT  ^HAbTpaftiH  rpyma  nepexoAKOn  30hu,  koh- 
TaKTnpyeMOH  c  MaTepnajioii  npniHbi  naoTHHta;  /*  —  onpejexaeTCH  no  aaBncn- 
MOCTH  (13). 

Ec.HI  (npn  H3AHMHH  <J>H.1bTpaUH£>HHOrO  nOTOKB,  HAyiUero  no  KOHTBKTy)  ycao- 
Bne  (45)  yAOBJieTBopHeTCH,  to  npo<mocTb  n  yeroAiKBOCTb  kohtbkthoA  30hu  He 
iiapyuiHTCH.  B  npoTHBHOM  cJiynae  bosmoiKhu  He3HB<mTeJibHhie  ocsakh,  BcaeACTBHe 
H3MeneHHB  pa3Mepa  csoAoo6pa3yiowHx  uacTnu  b  cropony  yBejiRveHHH  hx  A«a- 
Metpa.  ♦ 

|  25.  IIpuMep  npoeKTnpoBBHM  rpuyAOMeTpMecnro  coctbbb  rpyirra 
($HJbTpoB)  nepexoAHUx  son.  B  abhhoii  npunepe  paccnaTpnBaeTca  cayaafi  (b.i- 
pnaHT  I),  KorAa  rpaHyAOMeTpHiecKHA  corras  xapbepHbix  rpyttroa,  npeAHa3HaieH- 
hux  ajib  ycTpoAcTBa  (pH/ibTpoe  nepexooBux  son.  h  rpaHyjiomerpHqecKHH  cocTaa 
KaMCHMOH  HaCpocKH  npHSMbt  nnonrabi  h^nsbccthu. 

TpefiycTcii.  aab  a^hhoto  THna  xaMeflHQaaOpocHoA  daothhu  c  cyrJiHHHCTbiM 
aapou,  npeACTaBJteHHoA  Ha  ptic.  1,«,  3anpo*KTjtpoBaTb  rpaHyAOMeTpmecKHft  co- 
ct8b  rpyHTa  (fctuibTpoa  nepexoAHUx  3oh  h  m bkchm bamio  AonycTHMbifl  no  Kpyn- 
hocth  rpaHyjioMeTpMWCKHft  cocTaB  KaMeHHofi  HaCpocKH  Ha  KOHTaKTe  c  nepexoA- 
HOH  30  HO  ft  (PHC.  14). 

HcxoAHbte  a  a  h  h  u  e 
MatepHaa  »Apa  ujiothhh  —  cyrJHHOK. 

CpcAHtte  pacteTHue  xapaxTepycTHKH  cyrxnHxa  cxeayioutH^: 
coaep*aHHe  rjiHHHCTWx  qacTHU  d< 0,005  mm  .  .  ,  15% 

nuaeBaTbix  nacTHu  ot  0,005  ao  0,05  mm  .  .  ,  .  .  20% 

necqaHMx  ,  ot  0,05  ao  2  mm .  45% 

rpaBHilHO-raaeniiHKOBUx  qacTHU  >2  mm .  20% 

o6i>eMHbiA  Bee  cxejieTa  cyr.iHtiKa  npH  yxjiaAlce 

b  Rapo  naoTHHU  . •„ .  1,75  m/M* 

y.iejtbHbift  aec  tactHu  cyrxHHKa  A . .  .  2,70  Bi/jh1 

nopHcTOCTb  n . .  . . 0,35 

HtCJIO  HJiacTHMHOCTH  \T„ .  13,98% 

BepxHHA  npeaea  luiacTHiHocTH  Wr .  35,46% 

1  hhbchhA  .  .  Wp .  21,48% 

onTKnaxbHaR  BxaBcnoctb  Wn .  «17% 

K09t|N|tHUHBHT  BOAORaCUtUeHHR  Q  npH  OnTHMBAbHOft 

BR3)KHOCTH . . . 0,85 

rpaHyaoMerpHRecKHA  cocraa  cyMHHxa  npeACTiBAen  hb  phc.  16.  * 
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riopnAOK  paciexa  ,• 

a)  MaTepnaa  HApa  nAoraabi  —  cyrAauoK,  HMeionutfi  ochobhmc  napaMerpur 
rjiHHHcrux  iacnm  b  cBoeaa  cocraBe  rf<0,005  MM  —  15%,  mhcao  n-JMcmroo- 
cm  V'„»13,98>7  (aon),  ko3<JhJ)huhcht  BOAQHacuueRHfi  (npn  IT#)  G-0.85— 
“0,85  (aon.),  caeayeT  caHTam  cbusruh  rpyRTOM  h  Bee  patient  no  itpoeK- 
THpoBaHHio  rpaHyaoMerpawecKoro  cocTaBa  nepBoro  cjior  (pmibTpa  nepexoA- 

HOft  30HU  AOJIJKHbl  BHnOABHTbCH  KBK  A  AH  CBHSHOrO  rpyHTa. 

0)  06i>eMHMH  sec  cyxoro  rpyHTa  (ccxeaeTaa)  cyrawKa  (HapyiueHnoft  cTpytc- 
Typbi)  npH  ero  yKAaaxe  b  hapo  iiaothhu  aoahcch  Curb,  coraacHo  3aBHCHMocTft(l) 

A 

np«  4=2,70  zIcm*  eT  —  KostjHpHmteHT  nopHCTOcm  npH  WT  (baswiiocth  npeae~- 
aa  TeKVHecTH)  paBetj: 


AITt  2,70-35,46 

£t“  IOO7,  ~  100-1  -0,96,  . 

rae  -fa  ~  1  z/cm3  —  06'beMHMH  Bee  Roahi;  nocae  noacTaHOBKii  auaieuHtt  no.iyiHx 

‘  2.70 

Tck'=  i^oVg  =1,38  zJcm3. 

CaeaoBaTe.ibHo,  np«  yKjraAue ,cyr.iHHKa  a  napo  ii-tothhu,  ero  oCteMHbifi  Bee 
AOJIWeH  6blTb 

7ck>1.38  z/cm3  (no  npoewy  7,*  =  1,75  e/car3). 

BP 

b)  PacqeTHUH  rp8AH€HT  Hanopa  npH  BbicaiHBaHHH  (pHAbTpaitHOHHoro  rotokb- 
na  HH30Byio  rpaHb  «apa  naoTHHbi  MoweT  6birb  onpeaeneH  hjih  Me-roaoM  3rZ(A 
hah  no  aasHCHMOCTH  (12): 

rMWCC _ _ 

'p  =‘g“> 

rae  o'— yron  Hamioua  hhsoboto  oTKoca  aapa  k  ropHSOHiy. 

B  AaHHOM  cayiae  o=80°,  a  I* ""=  tg  80°==5,7. 

* 

r)  flas  aaHHoro  rpaaneHTa  Hanopa  /“SKC=  5,7  pacierHoe  3Haqemie  aha- 

MeTpa  nop  rpyHTa  D^c"  nepsoro  caoh  (JmAbTpa  nepexoAHoft  30hm,  3anw- 
mart  me  ro  cbh3huA  rpyHT,  onpeaeadeTCH  hs  ycjtoBHH  HeaonymeHH*  oipuea  hjw 
OTcaaHBaHHH  arperaroB  tahkhctux  qaemn  rpyHTa  no  3'aBHCHMOCTH  (18): 


Dr"  ~yr- 


0,34 

y/p'-f  cos  8 


0,de-5,7+,0 


=  0,4  CM  —  4  MM, 


rae  /p==5,7;  y=0,38 — no  Ta 6/1  Hue  (cip.  18);®»90”— yroa  Mearay  HanpaBaeHHHMK 

CHAM  TBXeCTH  H  CKOpOCTblO  (pH-lbTpaUHH. 

GfleAOBa-reAbHo,  aah  Toro,  mtoCu  He  npoacxoAHXo  OTcaaHBBHHe  hjih  otpub 
arperaroB  lacTHU  cbh3hoto  rpyHTa,  cocraB  KpyiiH03epH  hctoitk  *  11  a  Tepn  a  a  a  nep- 
Boro  caoh  (pHAbTpa  nepexoAHoft  sohm  AMxeH  6irrb  tbkhm,  <rrP6u  npH  camoft  ero 
HeBbtroAHOfi  pacKAaAxe  (paccAoeHHH)  MaKcHMaAbHuft  Att&Merp  era  nop  D“,IK:» 
teat J  yKBSUBaaocb  suiue,  6ha  6bi  MeHbme  rah  pa  Ben  Df*”  t-  e-  ^*KC  < 

<6^(19). 

a)  jlaHHWtt  cocTaB  rpyHTa,  HueiomHft  pacieVubift  AHavetp  nop  D§K"  — 


ere  (21) 


B  A3HH0M  caynae  HueeM:  /„  =  sin  1  —  sin  80* 

l  1 


-0,75  =  . 


^-ysgs  m 


=  0,98; 
0,75=0,83. 


y cjobhc  (20)  He  yAOBseTBOpaeTCH,  rax  ksk 

U  =  0,98>0,75/lp  =  0,62. 

1  tskom  cayaae  npHwtkiaeTca  '  hubhH  coct3b  nepsoro  caoa  tptubTpa  m 
jfcaoBHg  (22),  t.  e. 

nM..r  0,56  0,56  _ 

~  (/„  +  0,56)*  ~  (0,98  -j-  0,56)*  ~  0,23  eM' 

0*tKC  <  2,3  mm. 

•  /  ' 
rpaHyjioMerpuiecKHH  cocraa  nepBoro  cnoa  (pHJiMpa,  MaKcuiajnnift  pasitep 
nop  Kp-roporo  cooTBeTprsyex  38bkchuocth  (22),  yaoBnexBOpaer  ocaoBHOtiy  y cro¬ 
on  io  (19)  ■  ypaoBHio  (20).  ' 

CroaoBa-wibHo,  B  askhoh  cayaae  3a  pacseTHuft  paaiiep  nop  nepsoro  cjioh 
(pH.ibTpa  cneayeT  npman 

2,3  mm. 

e)  Has  nocTpoeHna  npoeKxnpyenoro  rpanyaoMeTpHvecaoro  cocTSBa  rpyma 
nepsoro  caoa  ipHXbxpa  nepexoaHoft  30hw,  Hxeioiuero  pacaexHuft  pa3Mep  nop 
7>r"  =  2,3  mm  caeayex  HaanatHTb  KoscjMfmuHenT  p*3H03epHHCToctH  Co- 

raacHO  §  9  <  50.  flaa  npMxepa  'npMHHMaen  =  36.  • 

Asa  npHHSToro  =,36,  aonycicaeMaa  nopncTocxb  aaa  tncaraHHUx  tppaa- 
*<"•  M3TepHaaa  <J>HJibTpa  onpeaeaaerca  no  3aBHcsM0CTs  (24): 

=  no)—  0,1  Ig  11^-  0,40— 0, Mg  36  =  0,24. 

*)  OnpeaeaaeM  awaMeTp  (ppaKUHH  ©}7  no  38bhckmocth  (23) 


D\l< 


Dg*CM  1- 


2,3 


“  2,8-0,84 


1—0,24 

^4  <*•» 


*  =  t+0,05i^  =  l  +0,05-36  =  2,8;  , 

0=0,4551^=0,455  ^36  =  0,82. 

3)  AeAcTsyiouMiH  aHaxexp  4>paKUHn  nepsoro  caoa  ijmJibTpa  nepexoanofi  30-  , 
8M  D  ,0  onpeaenaeTca  no  3Mhchhocth  (25) 

£>;Q  =/£>!/=  0,58-3,2*1,6  mm,  • 

I  9 

JMa  =  36  H3  pHc.  5  /=  0,58. 

h)  KoHTpoanpyiomHft  AHiMeip  4>paicuHH  onpeaeaaeica  H3  ycxosns  (26) 

£*>  =  ’4^io  =  36. 1,6*58  mm.  ‘ 

a)  MaacHiiaxbHbiit  asaiiexp  <J>paKUHnZ)J*KC=  onpeaeaaexcB  no  3aBH- 
CMHOCTH  (27)  (  > 

1  |  t  36—1  ' 

°{oo<  Olo  +  !$>*•  Ofc  1,6+103.58  =315  mm; 

*=l+l,28ig^=sl  +1,28-^36=3. 


a)  no  nonyieHHUM  pacieiHbiM  3Ha>ieHHflM  ctpohtch  pacMernaa  KpHtal  rpa- 
HyaoxeTpHHecKoro  cocTaBa  rpyrna  nepBoro  cjioh  tpiuibrpa  nepexoARoi  soaii 
(KpHBaa  0,  pHCr  16): 

rioayseuHaa  pacqeraaa  KpHBaa  <t>  aojukhb  siajiATbCH  chhhcbhm  npeAeaow*. 
OTKaoHCHwe  BftpaBO  3a  xhkhchhh  ripeAeJi*  He  AonycxagrcR.  OrcrynJieHHe  at  pac- 
"i«THoft  KpHBOH  0  h  nocTpoeHHe  <3ohu  AonycTHMoro  rpaHyaoMeTpHqecKoro  co- 


•  Phc.  16.  rpatpHK  aanpoeKTHpoBaHHMX  coctbbob  (pHJihTpa  nepexoa- 
,  .<  Roi<  30Hbi  h  MaTepHa.ia  npH3Mbi  nxoTMHU 

M  ~  cbsukmB  (rjiHHHcTuA)  rpynt  aapa  (sxpaaa)  iuiothhm,  samuiuaeMuft 
•PHflbipoM  nepcxoAHoA  30hm;  /  —  3o«a  sanpoeKTHpoaaHHoro  AonycTHMoro 

ipaHyaoHeTpHiecKoro  coctsbi  rpyHTi,  opwroAHoro  aj»  yioja«an  a  nepauB 
■.aoh  ipHjibTpa  nepexoAHoA  30BM;  n  —  aoHa  AonycTHMoro  rpaHyaoMeTpHiecKoro  ' 
cocTaBa  KaMeHHoA  HafipocM,  npnrOAHOft  abb  yuiajwa  b  npHSMy  naoTKilti  h« 
KOHTaxTe  c  nepexoARoa  aapoA;  t>  —  pacieTaaa  xpHsaa  rpaHyxonen>H<KCKora 
coctbbb  (pHjibTpa  ncpexoAlM  3 ohm  (hhxhhA  npeAU).  »  npexeftM  xorropoA 
oTKjioHeHHe  rpaHyaoiwTpHqecKoro  cocrasa  rpyaTa  ipHXbTpa  bb  Aonyacaerca; 

A  — pacxeTHax  XPHBBX  rpaByAoneTpH'iecKoro  cocrasa  kbhchhoA  aaApocaa 
apn3MM  naoTHHbi,  aa  npcpexu  xoropoA  ita  kobtbktc  c  nepexoAaoA  sohoA  ot- 
KAOHeHHe  rpaHyaoHeTpHHecxoro  cocrasa  MBTepaMa  KaSpocaa  Be  Aonycxaerca; 
a  —  uepxHHfl  npexea  «3ohm  rpaHyxoMcrptniecKoro  cocTaaa  xaHeunoA  natipoc- 
KH»,  K  KOTopoay  A<XXCH  npR6ARxaTbca  rpaHynoHerpHaecKHA  cocraa  kbhch- 
hoA  aaSpocxH  Ha  KomaaTe  c  nepcxoAHoA  sohoA. 

cTaaa  rpyHTa,  npHroAHoro  ajih  yioiaflKH  b  nepBbiH  ciofl  (pHAbrpa  nepexoABoft 
aoHH*  npHBefleHhi  b  §  15  nn.  e,  *,  3,  h;  h  Ha  phc.  16. 

M)  a  ah  BUCOKHX  H  CBepXBbICORHX  IIAOTHH  CJieAyeT  BUnOJIHHTb  npOBepKy  HA 
yCAOBHe  KOJIbMaTHpyeMOCTH  nepBOro  CJIOH  (JlHJlbTpa  MarepHSAOM  HApa  nJIOTHHbl  H 
3aaeqHBaeM0CTb  tpeiUHH  b  HApe  iuiothhu,  b  cjiyqae  B03MoncHoro  hx  oOpaao- 

BHHHH  ( 

VcAOBHe  KOJIbMaTHpyeMOCTH  ( 3ajieHHBaeM0cTH  Tpemlm)  6yAeT  BUnojiHeHO. 
ecJKi  3anpoeKTKpoBaHHufl  coeras  nepBoro  cjioh  dmjivpa  fiyaeT  yaoBJterBopHTb 
KpHTepnx)  (32),  t.  e. 

«  D\;  ^  26,5  (l-<)  ••  .1  . 

" 

AAA  AiHHoro  pacieTHoro  cxyqan  HMeeM:  .  , 

Oj7  =  3,2  mm\  d„ o  =  3,8  mm\  n]Q  =  0,24;  36.  ‘ 

nocjie  noACTaHOBKH  3HaqeHHti,  noayqHM: 

26.H1  -"»)  ■ 

3,8-0.84,  niy~i  0,24^36 

.  y&AOBHe  (32)  yAOBAeTBopaeTCH,  Tak  kbk  £,84<46,2.  OiefloBarejibHo,  abhrmA 
cocraB  neptoro  cjioh  ipHjibTpa  6y*er  yAOBJteTBopHtb  ycAomn  KOjibMaTkpyeMO* 
CTH,  a  cjteAOMTejibMo,  m  saatu'iaeMOCTR  tpeoRi. 
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»)  Kos^huikkt  ^RwrpaoHH  pacnerHoro  cocTaaa  rpyara  nepaoro  cjiob 
fWpa  nepexoAHofl  sohu  (xpiiaa*  ♦)  MoxceT  6nTb  onpeaweH  no  AobAV' 
Ae  (28):  ,  -  , 


V  3/ -  n2 


(1  —  0,24)* 


0,32*=2,4  CMjceic. 


o)  Fpa»yjKni«TpiMe€KHfl  coctbb  rpyirra  nepBoro  tiro*  tvnrpa,  npH  npo- 
AOJibHOft  (pHjibrpauMif,  e-ifeayer  c  wrath  cy<p^o3HO«aoyeTti*'m«HH,  ewin  Bhmav 
hhctc*  ycjK>BH€  (29),  r.  e. 

•  0,0032  sin  a  , 

Cl  9o  Vni!Kl  K  5 

iUa  aaHHoro  pacueTHoro  cayiaa  Hueeu:  sin  a  =  0,98;  /)!„  =  1,6  mm; 


njj  =  0,24:  Ki  5=2,4  CMjeeK; 


Kca  =  A  (I  -  «;>= 1,98  m>»;  =  36; 


.  .  '  /,  =  0,82  -  1,8-0,24  +  0,0062  (.36  -  5)  =  0,76; 

*  f0  =  0,30(7)  -  !)/*  =  0,30(1,98  -  l)-0,76  =  0,224. 

Ilocae  noACTaHOBKK  3HaueHH%,  noayqHu: 

0,0032  0,98  ' 

rfcl = zhrvmm = 0,043  "  °-43  **•  .. 

aci  =0,43  MM<  Z>s=  1,0  MM. 

CjieaoBaTMbHo,  AaHHbifl  coctsb  rpVHTa  nepBoro  cjtoh  (pH.ibrpa  cneayer  cw- 
TaTb  Cy(p({)03HOHHOyCTOHMHBHM  npH  npOAOJIbHOft  $HAbTpanBB. 

n)  H3  npaneiteHHbix  pacieTOB  cacayer,  no  *3anpoeKTHpoBSHHbift  rpanyso: 
MeTpHiecxaft  coctsb  nepaoro  <uioa  (piubTpa  yAo&neTBopneT  BceM  ochobhum  rpe- 
6obbhr5iic,  npeauMBeMbiM  K  rpyHTSM  nepBoro  caos  (piwibrpa  nepexoAHtu  sob 

AAB  BHCOKBX  ft  CBepXBbICOKHX  BAOTHH,  H  nOSTOMy  OH  MOJKeT  6blTb  peKOMCHAOBaH 
ajw  cTpoHTejibcTBa.  «3oHa  AonycTHHoro  rpaHyAOMeTpRiecKoro  cocTBBa  rpysra, 
npHroAHoro  a  jib  yKJiaaKH  b  nepBbifl  cnoft  (pHAbrpa  nepexoABoft  30bu>,  npeACTBB- 
ACHa  ha  pHC.  16. 

p)  Toaiuhhb  nepaoro  caob  (pHAbTpa  («  nocAeAyiomHi  caoeB)  aah  bucokhx  h  - 
CBepXBbICOKHX  HAOTHH  Ha3HaiaeTCB,  COrAaCHO  §  10  no  38BHCHM0CTH  (10). 

ConpHHceHHe  nepexoAHOfl  sohu 
cMaTepnaAOM  n  p  h  3  m  iiaothhu 

ripw  npoeKTHpOBaHHH.  cohpflxcH^s  'nepexoAHofl  30Hfai  c  MarepnaAOM  npH3M 
n.TOTHHU  CAeayeT  pyKOBOflf TBOBaTbCH  yKasaRHftMB,  HaflOKfHHHMH  B  §  23. 

B  abhhom  npHMepe  paccMaTpHsatfrcn  cAyiafl,  xorAa  rpanyAOMeTppqecKHft 
COCTSB  II  $H3HMeCKHe  XapaKTepHCTHKrf  M3TepH8Aa  *  npR3M  nJIOTHHbl  HeH3BC- 
C  T  H  M.  #  '  ' 

Tpefiyetca  3anpoeKTnpoBaib  a.t»  oahocaoShoA  nepexoAHofl -sobm  rpa- 
HynoMeTpHHecKHfl  coctsb  MaiepHaaa  npnsM  naoTHBU,  yAOBAeTBopsiomnft  ycao- 
BHio  HenpocunaeMocTH  3anpoeKTHpoBam<oro  MarepBaxa  nepaoro  cjiob 

(pHAbTpa  b  KaweHHyio  Ha6pocKy  npH3MW  nAoTHHbi. 

riopaAoK  pacneTa 

1)  Ilo  3BBHCHM0CTH  (43)  onpeABAtfeTca  cpeAHHft  ARaMeTp  nop  npoeKtapye- 
Mofl  KawenHofl  HafipocxH  npn3M  haothhu  Dj.  i 

D”  <  1,8  Z>go  =  1,8-30  =  54  mm, 

rA#  Dj/i  =  30  mm  —  pa3Mep  CBoa«o6pa3yiomnx  (ppaKunfl  nepBoro  cxoa  4>H*btpa, 
cooTBeTCTBynaiHx  pacuetHOfl  xpHsofl  <t>,  pnc.  16.  ^ 
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. <•'<*? r  g?2 


1 


2)  Ko^wukht  p«3H03epHHCT0cni  MaTepnajia  KaMemtoA  na6pocKH,  npeA- 
HasNaqeaaoJt  *»n  ycrpoAcraa  npiiaM  uiothhu  f)n  cneayeT  gaauaqarb  hcxoah  H3 
Humm  KONKpenux  wpbepHhix^uaTepHaAOB.  Oahui.oi  a  nenax  npeaoTapaateriHa 
paccJioeHNR  Marepaajia  npa  ero  TpaHcnoprHpoBice  h  yuia/pce  a  tcjio  naomiM 
caexyer  erpemrrbca,  qroAu  K03<tt>Hi(neHT  pa3H03epHHCT0cTR  ero  He  npeauuiaa 
atawHni  t)B<  95- 

flax  npHMepa,  Ksa^wiHear  pa3H03epHacrocTH  MarepHaaa  naueKHofi  hb- 
CpoCKM  npHjMU  n.ioTHHu  npHHHMaeM  Ho— 15.  riopacTOcrb  onpexeaaeTca  no  3a- 
bhchmocth  (24): 

J7„  =  0,45  -  ftl  Ig  =  0,45  -  0,1  Ig  15  =  0,34. 


3)  Pa3Mep  |  (ppaKUHft  D”7  onpeaeaaeTCfl  bo  3Ibhch»4octh  (44): 


i  i  i-u,» 

<  0252  "n  ~  0,252^15  “W 


'  30=145  MM. 


4)  Pasxep  +pamiHfi  D"0  onpeaeanerc*  no  saBRcnitocTH  (25):  Bf0—  17>f;= 
=0,63- 145«90  MM,  AJ*  i)„=15  H3  rpa^RKI  pHC.  5  /  —  0,03. 

5)  Pasxep  4»|mkkhH  D&  onpexejiaercx  no  aaaacaMOCTa  (26): 


/ft=4 ,!%=  15  90=1350  mm. 

6)  MaKcHMajibnuft  pa3uep  fpainiHft  Kaxeiffloft  HaApocaa  onpcneaaeTca 
no  aanncHMocTM  (27):-  , 

DJm<  Z)f0  +  10*  DSn  -  90+ 10*-5- 1350^^=  5380 


,  jt  -  1+1,28  Ig  1  +  lj28  Ig  15  =  2,5. 

7)  no  nojyqeHHbiw  sHaneHnaM  Z>Jq,  Df7,  0£,  h  D\w  crponrca  panemaa 
KpHaaa  3anpoeKTHpoaaHHoro  rpaHyaoxerpHaecicoro  coctibi  MaTepnaaa  npiuxu 
naoTHHu,.  pnc.  16,  Rpnaan  K- 

naayqeHHaa  pacqetHaa  kphbbh  aojukhb  nanaTbcn  hhhchhm  npeaeaoM,  t.  e. 
rpaiiyaoMetpHqecKHR  cocTaa  xaTepnana  itphsmm  iuiothhu  a  aone  kohtbkth 
(pnc.  14)  c  nepaxM  cAoex  (pHJibipa  ne  aoAweK  6bm>  KpynHee  pacqe-rnoft  *pn- 
Bofl  K,  pHC.  16  «3oh8  flonycTHMoro  rpaHyaoMeTpnqecaoro  cocTaaa  xarepHajia 
npH3Mbi  nJIOTHHH»  MOSKeT  6blTb  HB3HaqeHB,  KaK  yK33BH0  B  §  23  (n.  5).  \ 

PeKOMeHAyercn.  mtoAh  tu  Komarne  c  cpHAbTpoM  nepexoAHofi  30HH  rpaHyao- 
MeipHqeacaft  cocraB  tcaMCHHoft  HaApocxa  no  npyrraocTH  npafiAwnaacn  Ah  k  aepx- 
Hexy  npeAeny  pexoMeHAyepoS  sohu  n,  t.  e.  k  ahhhh  a,  phc,  16.  TorAa  conpa- 
aceHHe  nepexoAHOft  3ohm  c  KaxeMHofl  BaApocicoft  Ayaer  a  3HaqHrejibno*  crenenH 
ycHAeHO.  ■  •  , 

3a  npeaena«H  KOHTaxTHo#  sohu  (pnc.  14)  a  tcao  nnonmu  Moacer  ywiaati-. 
BSTbca  MaTepHBA  OTAHqHHfl  no  xpynHOCTH  or  pacqeTHOro 

a.  METOAMKA  nOASOBA  mAHrXOMETMiqeCKOrO  CO(<TABA  matbphaaa 

rbPbxoahmx  soh 

TIoaAop  rpaHyAoxeipHqecKoro  cocraaa  (pMbtpoa  nepexpABux  aoa,  kbk 

, _ juaaviocb  aume  (cm.  raaaa  HI,  aapnaHT  II).  ocymecranaetAn  a  tom  cayqar. 

kotab  n3 aecTHU  napMpnue  rpyam  hah  npoAyWHn  KaMenaoApoAiMMux 
aaaoAoa,  H3  xoropux  rpeAyerc*  noxoApaTb  coowrcTayionaA  cocraa  ♦wib- 
rpoa  nepexoAHMX  aoa  h  onpeawatb  aOsMownocrk  ns  conpnxeaan  c  MarepaaaoM 
n^tuMbi  raothhu  nepaoto  caoh  fiuibYpa  (oniwcAoHnaa  nepexoaaaa  aona)  twin 
c  yiUAAxoA  AonommaAbHoro  aroporo  caoh  nepexoAHoA  aoau  (AayxcAoftaaH  ne 
pexoAAaa  aaaa). 
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MeroAHxa  nosiopa  xarepHajia  nepexoAHUx  30H  b  eyiuHocm  ocraeTCft 
toA  *e,  mto  h  b  paccMOTpeHHOM  Bhiuie  uiyiae  A  rOiaabi  III,  ho  nopnAox  pac- 
seTa  h  su6op  pHAa  pacneTHbix  napatterpoB  3Aecb  6yayT  hhumh. 

riopHAOK  pac<iera  h  noHCHeHHs  b  a^hhom  cjiyiae  uenecoofipasHO  cAeaiarb  (bo 
HaCexcaHHe  noBTopeHHs)  Ha  kohkpcthom  npHMepe  no  noAfopy  cocTaBa  (pKJibrpoB 
nepexoAHUx  soh  npHMSHHTeaibHO  k  CBepxBbicoKoA  naoTmie  THna  HypeKCKofi 
rSC,  c  HanopoM  H~ 300  m. 

nPH  3tom  ycTpoAcrao  npH3M  nJioTHHbi  paccMaTpHBaeTCfl  b  AByx  aapnaiiTax: 
H3  rpaBHHHo  raaeMHHKOBoro  rpyura  h  xaMeHHofi  HaOpocKH. 

§  26,  ripHMtp  noAfiopa  rpaHyjoMCTpmecKoro  cocTaaa  rpyuta 
((pHjbTpoa)  nepexoAHUx  son 

1.  HcxoAHbie  a  a  h  h  h  e 

Tpeftyerca:  aah  npHHOToro  THna  njioTHHbi  H3  MecTHUX  MaTepnajiOB  c  Hano- 
poM  H —300  m  (pHC.  I,«)  c  cyrjiHHHcTbiM  HApoM  noAo6paTb  H3  HMemuterocfl 
Kapbepnoro  rpyrna  (phc.  17)  rpaHyjiQMeipHMecKHfi  coctrb  nepBorp  cjior  ipHAbTpa 
nepexoAHoa,  30Hfai,  kotopmA  AOJiweH  yaoBAeTBOpHTh  bcbm  TpefcmaHHHM,  npeA3>- 
HBJineMUM  k  cocraBy  nepexoAHbix  30H\  cBepXBUCOKHX  naotHH,  Ha/ieWHo  3amn- 


Phc.  17.  Tpa^HK  nOA06paHHhix  cocTasoB  MaTepnaaa  nepexoAHUx  3oh 
h  xaTepHaxa  npH3MU  naoiKHu' 

U  —  cyrjiHHHCTkia  rpyHT  «api;  /  —  xspbepHbiR  rpyHT,  npeAH*3H*yenHuR  via 
ipHjibTpM  nepexoAHoR  3ohu  h  kik  HiTepHta  via  npHSMu  iuiothhu;  2  — 
KipbepHhift  tUMb  Via  npH3MU  UOTHHU  (MaKCHMSAbHI*  KpynHOCTb  CTO 
»  *oh«  kohtmt*  c  $HAbTpoH  iupcxoahoR  aonu);  J-—  pacirnibiR  rpanyao- 
MerpHiecKiia  eocraa  rpyHT*  nepsoro  cjio*  iptuibip*  nepexoAHoR  aonu,  noay 
■wworo  nocxe  arc***  H3  rpyHT*  I  KpyitHbix  (ppixmiA  D>85  mm-.  I  —  «3o«» 
AonycTHMoro  rp*nyxoMeTpH<wcKorti  cocr»»*  rpyHT*.  npnroAHoro  via  yuiajutb 
*  ncpiuR  cjoi  ^Mbipa  nepexoAHoR  smn;  II— a 3oh*  AonycTHMoro  rp**y- 
AOHCTpHHrCXOrO  COOTS**- mtKHHoR  H*6pOCKH  AA*  npH3H  flAOTMHfal*. 


maTb  h  o6ecneMH*aTh  4>HjibTpanyoHHO-cy<t>4K>3HOHHyio  npoHHOCTb  h  ycrotwH- 
BocTb  RApa  (3Kpaua)  imothHu. 

Mr repHMOM  unn  ycrpoAcrsa  npHsM  iuiothhh  HaMeHaercfl  HcnoabsosaTb  tot 
we  xipbepnuA  rpyHT  1  (nepsbiA  brphrht)  h  xapbepHuA  xiMenb  2  urn  ycrpoA- 
CT*a  npHSM  H3  xaMeHHoA  HROPOCKH  (BTopoA  BapHaHT),pHC.  17. 

MarepHM  *Apa  imothhh  —  cyraHHOK. 

CpeflHHe  pacteTHUe  xapaxTcpHCTHKH  cvmhhkr: 
coAepwaHHe  mhhhctmx  qacnm  d<  0,005  mm—> "11,2%; 
nbuesaTtax  hrcthk  ot  0,006  ao  0,06  mm  —  78,6%; 
necyaHwx  qaprmt  (0,06—2,0  mm)  —  11%; 

oOwmhhA  sec  cyxoro  (cxeAeta)  cyrjwmna  npn  ymuaice  era  b  rapo  iuo- 
thhw  yc*  ”  1,7  r/w1; 


yA&ibHuft  sec  ibcthk  cyrJiMHKi  A— 2.70  ^ 

hhcao  njiacTMHHocTH  wB  —8,45%;  .  ' 

•epxHHfi  it  npeaeabi  iumcthihocth  cooi^ctctmbho  29,19  h  20,74%; 

ko3<Mhuh«ht  lOAOBacwmeuHH  C— 0,73 — 0,91  a  pH  onTOMUMoi  inaxHocrn 
1TB“I5-18%.  ‘ 

Marepasa  Ana  cpHJibrpoa  —  necqauo-rpaBHftao-raxeaHHKoauft  rpyHT  I.  as 
pile.  17,  kotopuA  HMecT  caeAywuuie  ocHoanue  xapaKTepHCTHKu: 

ofiieMHuA  -aec  ecrecTaeanoro  caoxceHHH  Yep  “2,1  t/m3  (puxnoro  wioweifHa 
Yep  -1,93  rfa*  nnoTHoro  Yep “2,29  t/m1); 

ya^jibHuft  Bee  aacTHK  rpyHTa  A— 2,70  t/m3;  - 

nopHcrocTb  n— 0,22;  ^ 

K03<p<J>HUHeHT  pa3H03epHHCTOCTH  »)—  =175. 

K094x})HUHeHT  (pwibTpauHH  #Ccp=  1700  m/c yr,  » 

MaTepHaji  ksmchhoA  HaOpocKH  Ana  npnaM  iuothhu  —  aapbepHuft  KaueHb  2, 
Phc.  17:  ‘ 

ofi-beMHbiH  Bee  v  =  1 ,62  t/m1;  yxeabHbifl  Bee  A— 2,70  t/m3; 
nopHCTOCTb  It-f0,39,  KOS<p<pHUHeHT  pB3HO3epHKCT0CTH  t)“8. 

2.  II  op  ha  ok  pacaeta 

а)  MaTepnaa  aapa  iuiothru  —  cyrAHHOK  (ocHoanue  xapaxtepHCTHKit  npa- 
BeAeHbi  Bn.  I)  no  cbohm  cboActbbm  aaaaeTca  c  a  a  a  k  u  m  rpyuTOM,  a  hmchho: 

coAepaeaiiHe  mhhkctux  Macrnu  d< 0,005  mm  1141%; 
hhcjio  nJiacTHHiocTH  cyrAHHKa  ®'fI“8,45>7; 

.  KOsMHUHeHT  BOAonacbiiueHna  0— 0,73  —  0,91  >0,85. 

OO-beMUbiH  Bee  eaenera  rpyrna  npn  erO  y&naAKe,  oOecneanBamutHA  MoaeKy- 
aapnoe  cuenneHHe  Aonxeu  6hm>:  . 

.  (  '  ;y‘  7c*»  7'ck  “  i  +  , 

rxe  A  ^  2,70  m/M3;  sT  —  kcw<P*huhcht  nopncTOctH  na  rpamme  Teayaecrn 
1Tt  =  29,19%;  *  • 

A1Tt  2,70-29,19  _  V  2,70  .  . 

*T  ~  lo9|,  ~  100-1  ”  0f79:  Ire  —  i+0,7%  — • 

HaHHbift  rpyHt  npn  ero  yaaaaKe  Oyaet  ofinaxaTb  noaeryaapHuii  cuenae- 
«HeM,  Tax  Kan  Tea >  Yen'  (1,702>1,51  m/jfi). 

„  npHBCAeHHue  xapaKTepHCTHKH  xaiOT  noJmde  ocHoaaHHe  cHHTarb  xanHuA  cy- 
rJiHHHcTHfi  rp^HT  caasHUM.  CjieAOBaTeAbHO,  noA06p  corona  nepeoro  exon 
(pwibTpa  k  ABHHOMy  cocTaay  cyrJiHHxa  cJWAyer  nponaadAHTb  no  MetoAHKe  aim 
cnnanaix  rpyrn-oa.  ,  • 

б)  PacaeTHHfi  rpsAHeHT  Hanopa  I  pi  ' 

3a  pacaeTHuA  rpaAHeuT  Hanopa  MonceT  '5wTb  npHHHT  MaKCHMaabnuA  rpa- 
AHeHT  nanOpa  npn  BucaiHBaHHH  (pHAbTpauHOHhot-o  noToka  na  HHaoByio  rpanb 
HApa  naoTHHu,  onpe^eaaeMuA  no  satHCHMOCTH  (12): 

•’  •  /p  =  /"«*  =  tga, 

rtf  «  — yr'oa  HmaoHa  hh30boi-o  onc&ca  «xpa  k  ropHsomy  (p«c.  1,«). 

B  ahhhom  caynae  •  =  75°,  caeAtfareafcHO,  ,  .  * » 

=  76°  =  4, 01.  ‘ 

i  .  '  '  *'  ‘  ^ 

H)  Pacwnioe  3K8<teHne  SHatfeTpa  nop  YP^irra  nepaoro  caoH  ^wibTpa 

nepexoAaoA  bohh,  aat^nniaiomero  cbbshwA  rpyHT,  onpeAeaneycfl  hb  ycaotfn  (18) 
neAonymeHHa.  oTpuaa  haiT  oTcaanaaMHa  arperaToa  ramkcnix  mcthu  rpyaTBL 

-  V  438.^71  ’-<MI 
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rAe  / p  “4,01;  <p— 0,32—  no  Ta&nme,  crp.  18;  8—45°— yroA  MewAy  HanpaaAe- 

HHHMH  CHAW  THHtecTH  H  CKOPOCTH  d>HAbtpai(KH. 

CwaoB»TejibHo,  aah  roro,  htoow'  He  nponcxoARAo  oTCJtaHUHRH  mm  orpwaa 
arperiTO*  hacthu  c»H3Horo  rpyHTa,  operas  nepsoro  cjioh  (pHAbtpa  aoahcch  6wn> 
tikhm,  htoOw  npH  cauoA  era  HeBproAHoA  pacwiaAKe  uaKCHM&AbHwfl  xHawerp 
«ro  nop  BS"*  «ma  «w:  Dg*'*<Dffn> 

r)  CJiexyer  npoaepHTb,  CyxeT  ah  rpaHyAouetpHHectcHfi  cocraa  rpyHta  nep- 
aoro  caoh  (pHAbTpa  c  npeaeAbCbiM  3HaneHHeM  AHawerpa  nop  Cj*"  **4,l  mm 
yAosAeTBopHTb  ycAOBHio  HepasMuaaeMocTH  CBgaaoro  rpyHta  npn  <pKAbtpauHn 
BAOAb  KOHTaxTa,  t.  e.  OyACT  ah  yflOBAeraopHTbca  ycAPBHe  (20) : 

,  4  ^  0,75/up, 

rxe  U  —  npHHHMaerca  no  3bbhchmocth  (13);  l*P  —  no  3SBHCHMOCTH  (21). 

B  ashhom  caysae  Hweeti: 


/,  —  sin  «  =  sin  78°  =  0,97, 


1 


'•f  ~ '  yog «“f 


'  1 

-  0,75  =  — 0,75=0,8h- 


ycaoBHe  (20)  He  yaoHaetBopsetcs,  ran  k»k 

/*  >0,757Bp  (0,97  >0,61). 

B  tskom  caysae  aa  paceetHwA  AHauerp .nop  rpyHra  nepBoro  exoa  $HAbtpa 
caexyet  npHHsTb  0,f*"  H3  yesoamt  (22),  t.  e. 


qca  A  rc 

D^n=  °TKC<  (/„  +  0,56)*  ^  (0,97  +  0,56)*  =  0,24  CM' 

caeAOHTCAbHO,  3a  pacseTHMft  Antwerp  nop  nepnoro  caos  (Jmabtpa  caexyet 
npHHSTb 

Dtr,=*DZ“c=2'**M. 

• 

A)  3has  pactetHoe  anawHHe  AHaweTpa  nop  MarepHaaa  nepnoro  caoh 
ipHAbrpa  D{k'V2,4  mm,  CAexyeT  npoaHaAnsHpoaarb  neciaHo-rpaBHflHo-raAeMHH- 
KOBwft  rpyRT  /  Ht^npnroAHoetb  era  aah  ywiaAKH  a  nepaufl  caoA  4>HAbTpa  a  ero 
ecrecTBCHiioH  coctohhhh  hah  c  nepepafoTKoA  h  Ha  ocnose  auaAHsa  Aarb  paitHo- 
HSAbHwe  peKOMeHAaUHH.  , 

'  1.  Ala  BwacMema  npMroAHOCTH  ecTectaeHHoro  xapbepHoro  rpyHta  /  6e3 

ero  nepepafioTKM  aah  ycTpoDctaa  nepnoro  caoa  4>Habrpa  caeayet  yctaHOBHtb. 
yAOBAeTBopsercs  an  ocuoBHoe  ycaoane  (19),  r.  e.  Z>S“C<  DJ*'". 

JIah  »toA  kcah  no  ssmchiiocth  (3)  onpeaeaseTCs  MaKCHMaabHutt  paatiep 
ero  nop  DgMt  npeAnapHTeabHO  onpeAeaHB  aHaieHHe 

*  =  1  +  8,06ij,  =  I  +  0t05  •  175  =  9,75;  , 

nop 

•  OT*  *  0,455-9,75  ym  2,5 =7,5  mm. 

•  » 

M3  npHnexemioro  paewra  caeAyer,  <no  ochobkoc  ycaomie  (19)  ne  yaon 
aetBopHCTCs,  r.  •.  Oj,">  Df*0*  (7,3  >2,4). 

CAeAoaaTeAbHO,  xapbepswA  rpyar  /  Be  Moacer  6wn>  HcnoAbaoaaH  aah 
yxASAKH  a  nepsuft  caoft  (pHAbtpa  (Sea  ero  nepepafiorxH. 

CiWAyeT  nponapecTH  ero  aaaAHa  h  HawetHTb  k  orceay  Kpyimue  (ppawuiH, 
htoOw  ocuoBHoe-  ycAonne  (19)  h  Apyrne,  rpeOoaaHHH. 

e)  Ahbah3  KApbeauoro  rpynTa  /  noKa3waaet,  .<rro  aah  yAOBAemopeKHs 
oenoBHoro  ycAOsHH  (19)  M3  sroro'  rpyHta  Aocranxmo  oTcentb  $panoiH  D> 
>85  mm  (35%)  flea  otmwm  mbakhx  4>p*khhA,  t.  e.  xannwA  KapbepHwA  rpyHT 
MOHceT  OWTb  HcnoAbgoMH  a ah  ycTpoActaa  nepnoro  cao*  (pHAbtpa  nepexoAHoA 
soHH  a  oflpewe  66%,  ptic.  17,  apieaaa  8. 
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tTocne  OTceea  (ppaximH  D>85  am,  nojiyqeHHUft  cocras  rpywra  3-6ynet  MMen> 
cJieayiowHe  xapaxrepHCTHKH:  ' 

X03^M|>HUHeHT  pa3H03€pHHCT0CTH  ,l)'  =  126; 

nopHCTOCTb  no  3aBHCHM0CTH  (24) 

.«*=««-  0,1  lg  Hjl  =  0,40  -  0,1  Ig  126  =  0,29; 
o6T.enHbift  Bee  Vex  =  A  (1  —  n$)  =  2,70  (1  —  0,29)  —  1,92  m/j»a;  D}7  =±  0,5  jKji; 
Afij,  =  0,25  tM(ceK  no  <mbhcmmoctm  (28). 

MaKCBMMbHbiA  pa3Mep  nop  abhhoto  cocTaBa  rpyirra  onpefleaneTca  no  3a- 
bhchmocth  (3),  npenupHTejibHo  onpeAejiHB  x  —  xos^nuHeHT  BepaBBOMepHocm 
pacKJiaaxn  lacTHu  b  rpyHTe,  mm  xo*p4>HUHenT  noxajibHOCTH  cy(p4>03HH: 

*  =  1  +  0,05^  =  1  +0,05  - 126  -  7,3; 

A"“c  *  0-455  ■  7.3  J/I2S  1^9  °-5=>.5  M* 

H3  npHBCfleHHoro  caeayeT,  mto  ocnoanoe  yuioBHe  (19)  BbirioJiHHeTcH,  t.  e. 
D]f‘*c  <  (1,5<2,4  mm),  cJieaoBaTeabHo,  AaHKHfi  cocraB  rpyRTa  3  (c  ot- 

CeBOM  (ppaKKHH  D> 85  MM),  yAOBJieTBOpalOlUHfl  OCHOBHOMy  ycriOBHIO  (19),  MO- 
>KeT  CbiTb  Hcnojib30BaH  ajib  nepsoro  cjior  (pHJibTpa,  pejw  yartwieTBopmoTcd  h 
Apyrne  Tpe6oeaHHR. 

*)  VqHTbiBaB  Cojibuiyio  cTenenb  pajH03epnncrocTH  , rj  * — 1 26,  abhhuA  co- 
cxaB  rpynra  3  aojiweH  ObiTb  npoBepen  Ha  ycjioBHe  KOJibMBTHpyeMocTH  h  sane- 
mmaemocTH  TpeuiMB  b  nape  o/ioTHHbi  HeaaBHCRMo  ot  roro  bo3mokho  hx  ofipa- 
aoBauHe  hah  hct'  (npR  yaoaaeTBopeHHH  ycaoBHR  KoabMarapyeMOCTH  tbkoA  co- 
CT8B  (pHAbTpa  AaeT  3HaqHTejlbHblft  3anac  npOHHOCTH  B  OTHOUjeHHH  3aiKHUtaeMO- 
ro  hm  rpyRTa  Rapa  njioTHHu). 

YcAOBHe  KOJIbMBTHpyeMOCTH  H  3aJieSHBaeMOCTH  TpeiUHH  OvACT  BUnOJIHCHO. 
ecjiH  ROAodpaHHuft  ooctbb  nepsoro  caor  $HJ)bTpa  R3  rpyRTa  3.6yaeT  yaoBJier- 
BopHTb  KpHTepHK}  (32),  T.  e.  , 

Dl„  •  26,5(1— n^)  . 

‘  *  '“TFr  .  x  ■ 

B  abhrom  cayqae  hmccm: 

Dp  =»  0,6  mm\  dK  —  0,06  mm;  jtJ,  =  0,29;  t(‘=  126. 

IlocJie  noACTBROBKH  3HaqeHRH,  noayqHM: 

^4=8, 35;  *»*-.*?  =  29- 

d$o  0,06  0.29^126 

ycjioBRe  (32)  yAOBjieTBopneTCH.  QieAOBBTejibHo,  abhrmA  coctsb  nepsoro 
cjior  (pHAhTpa  6yaeT  yaoBJieTBopHTb  ycJioBRio  KOJibMBTHpyeMocTH  r  sajieqHaae- 
MOCTH  TpeiUHH. 

3)  r paHyaoMeTpHMecKHfl  cocraB  rpyiiTa  3  nepsoro  'cjior  (pHJibrpa  aojircch 
GHTb  npoBepeH  Ha  cy$A>o3Hoiwryio  npoRHocTb  npn  npoaojibHoft  kohtbkthoA  frvib- 
TpaUHH. 

rpyHT  3  oieayeT  cqRTBTb  cy<tH)K>3HOHHonpoqHHM,  ecJtH  BMrftwTHHfeTCH  ycJio- 
BRe  (29),  t.  e. 

0,0032  Bln  a 

d'‘vrw<B*  >  . 

iUx  abhhoto  npHMepa  hmccm: 

*ln  a  —  0,97;  Dj  «*  0,18  amt,  =  1,92  rnfM1;  nj^  «=  0,29;  V  *»  126. 

/C^  -  0,25  CMjceK. 


r(‘=  126. 


/,  =  0,82  —  W*  +  0,0062  (V—  5)=0,82— 1,8-  0,29+0,0062(126-5)  =  1,05; 
<p0'  =  0,30  -  1)/*  .  0; 30  (1,92  -  1)  1,05  =  0.29. 

Floc/ie  I10JICT3H0BKH  3HaleHHtt,  noxynHir. 

0,0032-0,97 

**  =  0729  FOMMS  =  °m7  CM  =  MM' 
dci<D'5,  t.  e.  0,097  <0,16  mm. 

C,iefloBaTe/ibHo,  aaHHbift  cocraB  rpyHTa  3  nepBoro  caoh  (ptuibrpa  cJieflyet  c<m- 
TaTb  Cy4>(()O3H0HH0npO>)HblM  npH-  KOHTaKTHofi  TipOAOAbHoA  (pH/IbTpaUHH. 

h)  no.iyMeHHbift  m3  KapbepHoro  rpyuxa  /  nyTeM  oTceBa  (ppaKUHft  D> 85  mm 
(35%)  rpaHyjioMeTpHiecKHft  cocTae  rpyHTa  3  a  ah  nepaoro  cjiob  (Jm/ibrpa  hmcct 
KOS<))d>HUHeHT  p83H03epHHCT0CTH  T)«=  1 26 >50. 

mah  nepBoro  caoh  (pHAbTpa  nepexoAHoft  3ohu,  3amHutaiomero  cbhjhuh 
rpyHT,  MO«eT  CblTb  npHHHT  K03(j)<)>HUHeHT  pa3H03epHHCTOCTH  t)>50,  eCAH  3TOT 
rpyHT  yAOBJieTBOpHeT  TpeCoBaflHHM,  npHBBABHHblM  B  §  9,  n.  2. 

1)  Ha.iMMHe  b  cocTaBe  AaHHoro  rpyHTa  necHaubix  (ppaxuHft  ao  2  mm  aoahcho 
6bitb  He  MeHee  20 — 25%.  B  no/iyieHHoM  rpyHTe  3  neciaHUx  (ppaKunfl  coAep- 
hchtch  25%. 

2)  Pac<teTHUtt  AHatieTp  nop  rpyHTa  Z)£*CM  AoaweH  6uTb  Ooxbiue  abhctbh- 

TexbHoro  MBKCHMaabHoro  D*nt  b  cooTHomeHHH  >  (1,25 —  1,50)  Ojftltc. 

B  AaHHOM  cayaae  D^K'I~‘2,4  mm,  D?,tK  =  1,5  mm.  CacAOBaTeabHO,  ASHHoe 
ycaoBHe  yAOMCTBopBercB,  Tax  xaic  DJ*1"  >  1,5D^“C,  t.  e.  2,4>2,25  mm- 

3)  nojiyiemibift  cocraB  rpyHTa  3  yAoBAeTBopneT  KputepHto  KojibMaTHpye- 
MOCTH  H  c8M03ajieMHBaeM0CTH  TpelKHH  HApa  llaoTHHbl. 

4)  ripH  KOHTBKTHOA  (pHAbTpaUHH  H  npH  OHCHAaeMfclX  rHApOAHHaMHieCKHX 
yCAOBHHX  BMHOC  MUIKHX  Cy<p$O3M0>HHblX  HBCTHU  pa3MCpOM  (tci  6yjttT  3Haqil 

Tea b ho  MCHbue  AcmycTHMoro  pasuepa  D\,  t  e.  <  D\  (0,097  mm  <  3%  h 
MeHbuie  D\  =  0,16  MM); 

5)  JUhhuA  cocTan  rpyHTa  3  y aobact BoptteT  (c  aanacow)  KpHTepnio  (20) 
t.  e.  Hepa3MMBaenocTn  cBH3Horo  rpyHTa  npH  KOHiaxTHoH  npoAO.ibHcrti  4>Hxb- 
TpauHH,  tax  Kax  DJ!*CM  -  2,4  mm  >  D“’“c  =  1,5  mm.  AettruHTejibHO,  HMeew: 


/KP  =  -7=s=  -  0,75  -  -===  -0.75  =  1,82; 

.  /K<0.75A,p;  0,97<  1,37  (*Mn  =  1,4). 

H.3  npHBeAeHHbix  pacieTOB  h  at»aAH3a  cneayeT,  mto  ace  Tpe6oBaH«n,  npeAb- 
HBAHeMue  k  cocTaBy  rpyHTa  nepBoro  caoh  $hju>tpb  nepexojwoft  johh  c  i)>50 
BnoAHe  yAOSAeTBopfnoTCH.  • 

CneAOBaTMbHo,  noAyqeHHbiA  H3  ecTecTBetiHorg,  xapbepHoro  rpyHTa  /  nyreM 
oTceaa  TOAbKo  Kpynrax  (ppaxitHA  D> 85  mm  rpynr  3  (55%  KapuepHoro  rpyHTa) 
MOHceT  6mb  peKOMeHAOBan  jutn  yiuiaAKH  a  nepsuA  caoA  +HAt>Tpa  nepexoARoA 

30HH. 

<3oHa  AonycTHMoro  rpaHyaoMeTpHHecKoro  cocraaa  rpyHT  a  3,  nfmroAHoro 
Aah  yKABAKH  b  nepsuA  caoA  (pHabTpa  nepexoAHoA  3ohm»  npeAcraa/KHa  bb 
PHC.  17.  • 

x)  ToAiuHHa  nepBoro  caoh  (pHAbrpa  (h  noc.aexypomHX  cAoea,  ecAH  •  »tom 
ecTb  HeofixOAHMOCTb)  AAH  BMCOKHX  H  CBepXBWCOKHX  tlAOTHH  Ha3H3HaeTCH,  CO- 
raacHo  §  10,  no  38BHchmocth  (10). 

B  AaHHOM  CAysae  MRHHMaAbHaa  TOAiUHHa  nepaoro  caoh  (pKAbTpa  aoahchs 
6wTb;  7lnm>3+3, 5-6,5  j»,  rae  ^ “3,5  m  —  cyMMapHUA  pawep  ropH 3ohtb /tbflfaix 
cMemeHHft  hap  a  hah  npH3MM  nAOTHHU. 


X  4 


ft 

m 


I  C  M3T€pH3J!OM  npH3M  UjR  O  TR  K  bl 

B  n.  1  HacTosuuero  naparpa<j>a  (acxoAHUe  aaHHUe)  yKa3HBanocb,  mto  Ma- 
Tepiia.ioM  aaa  ycTpoftcTBa  np»3M  imothhu  HaHenaeTCH  HcnonbaosaTb  tot  *e 
KapfaepauA  rpyHT  /  (nepauA  BapHanr)  h  KapbcpHuA  KaMeHb  2  a  jib  KaMCHnofi 
HaCpocKH  ( BTopoH  sapnaHt),  pAc.  17  . 


n  o p  a  a o  k  pacieta 

1.  MaTepHaji  npH3MU  naoTHHU  —  ecrecTBemibiH  xapbepnuA  rpyHT  1.  pwc.  17. 

а)  OnpeaeaneM  cpeaHHft  paaHep  nop  MaTepwaaa  npH3MM  raothhu  (rpyHTa  1) 
/>"  no  x»HucutnacTH  (42): 

£>"  =  0,455 \  y-^i -  D”y  =  0,455  '/I75  J=^22  2«5  =  °-75  MM'  | 

ij„  =  175;  n„  =  0,22;  D”7=2,5  mm. 

'  • 

б)  HenpocunaeMocTb  MaTepwajia  nepBoro  caon  4mabTpa  b  MaTepna*  npH3- 

nn 

mu  naoTHHU  6yaeT  oSecnencHa,  ecaw  yaoBJiCTBopBCTCB  ycaoBHe  (40):  ±12- <1,8, 

075  D'T 

OTKyaa  Da  >  =  -j-g-  =  0,42  MM,  4 TO  3HaiHTeabHO  MCHblUe  D'sq—  22  mm. 

CaeaoBaTeabHo,  b  aamiou  caynae  D[r-  jD{5  —  0,42  mm  HenpocunaeMocTb 
MaTepnaaa  nepBoro  cjioh  4«i.ibTpa  b  MarepHaa  npmMu  naOTiiHu  H3  rpyHTa  / 
biiojihc  oOecnemfsaeTCB. 

2.  Matepnaa  npH3MU  naoTHHU— KapbepnuH  KaMeHb  2  (pHC.  17). 
a)  CpcAHHH  AHaMCTp  uop  aaiiHoro  MaTepnaaa 

D”=  0,455  VT«  rrra  Dli  =  °>455  *>=29  J**, 


i)„  =  8;  n„  =  0,39;  01,’,  =70  *.*. 

6)  CoraacHo  §  23  cBoaoo6pa3ywuiAe  $paKUHH  caoa  $HjibTpa  nepexoAHoft 
3ohu  Moa<eT,6uTb  npHHHTa  D’r^  D^j.  B  aaHHOti  cnyiae  =  22  mm. 

b)  HenpocunaeMocTb  MaTepnaaa  nepBoro  caon  (pnabTpa  b  MaTepHan  aa- 
MeHHoA  HaOpocKH  OyaeT  oOecneneHa,  ecan  yaoBJieTBopHeTCH  ycaoBne  (40) 


npHHHMaeM1  D'r=  OL=22  mm, 


_£L  ... 
n\  ^  *>8’ 
cr 

29 

noayHHM  -^■=!,6<1,8. 


HenpocunaeMocTb  MaTepnaaa  nepaoro  caon  (pnabTpa  rpyuTa  S  b  MSTe- 
pnaJi  nptMMU  imothhu  H3  KaMeHHoA  HaOpocKK  2  oGecneiKBaeTcn,  aonoaHHTeab- 
hoA  nepexoaHofi  3onu  (BToporo  caon)  He  Tpe6yeTcn. 

r)  B  aaHHOM  caynae  b  npnsMu  naomHu  mojkct  <5uTb  yaoHcen  napbepnuA 
Marepnaa  /  hah  napbepHuA  KaMeHb  2,  hah  npnsMU  imothhu  MoryT  boabo- 
AHTbcn  H3  KapbepHoro  KaMHB  2,  a  3acunna  <na3yx»  BunoAHHTbcn  xapbepRUM 
MaTepnaaoM  /,  hto  3HaHHienbHO  ynpoHHHAo  6u  Teao  naoTHHU.  , 

A)  «3ona  aonycTHMoro  cocTaBa  MaTepHaaa  KaMeHHoA  AaOpocxH*  mojkct 
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